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Administrative Records in Local Repositories 

The "Administrative Record" is the collection of documents which fonn the basis for the selection of 
a response action at a Superfund site. Under Section 113(k) of the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), as amended by the Superfund Amendments 
and Reauthorization Act (SARA), the EPA is required to establish an Administrative Record 
available at or near the site. 

The Administrative Record file must be reasonably available for public review during nom1al 
business hours. The record file should be treated as a non-circulating reference document. This will 
allow the public greater access to the volumes and also minimize the risk of loss or damage. 
Individuals may photocopy any documents contained in the record file, according to the 
photocopying procedures at the local repository. 

The documents in the Administrative Record file may become damaged or lost during use. If this 
occurs, the local repository manager should contact the EPA Regional Office for replacements. 
Periodically, the EPA may send supplemental volumes and indexes directly to the local repository. 
These supplements should be placed with the initial record file. 

The Administrative Record file will be maintained at the local repository until further notice. 
Questions regarding the maintenance of the record file should be directed to the EPA Regional 
Office. 

The Agency welcomes comments at any time on documents contained in the Administrative Record 
file. Please send any such comments to Thomas Budroe, Removal Action Branch, U.S. EPA Region 
II, 2890 Woodbridge Avenue Edison, NJ 08837. 

For further infonnation on the Administrative Record file, contact Thomas Budroe, On-Scene 
Coordinator, U.S. EPA Region II, at (732) 906-619l. 



GENERAL ADMINISTRATIVE RECORD CONTENTS 

1.0 SITE IDENTIFICATION 

1.1 Background - RCRA and other information 
1.2 Notification/Site Inspection Reports 
1.3 Preliminary Assessment (PA) Report 
1.4 Site Investigation (SI) Report 
1.5 Previous Operable Unit InfOlmation 
1.6 Emergency Response/Site Assessment Health and Safety Plan 

2.0 REMOVAL RESPONSE 

2.1 Sampling and Analysis PlanlWorkplans 
2.2 Sampling and Analysis Data/Chain of Custody Forms/Data Validation Assessment 
2.3 EE/CA Approval Memorandum (for non-time critical removals) 
2.4 EE/CA (for non-time critical removals) 
2.5 Action Memorandum 
2.6 Amendments to Action Memorandum 
2.7 POLREPs 
2.8 Other Technical Documents 
2.9 Sampling a,nd Analysis Reports/Trip Reports 

3.0 REMEDIAL INVESTIGATION (RI) 

3.1 Sampling and Analysis Plan 
3.2 Trip Reports/ Chain of Custody Fonns 
3.3 Work Plan 

4.0 FEASIBILITY STUDY (FS) 

4.1 ARARS Determinations 
4.2 FS Reports 
4.3 Proposed Plan 
4.4 Supplements and Revisions to the Proposed Plan 

5.0 RECORD OF DECISION (ROD) 

5.1 ROD 
5.2 Amendments to ROD 
5.3 Explanations of Significant Difference 
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6.0 STATE COORDINATION 

6.1 Cooperative Agreements/SMOA 
6.2 State Celiification of ARARS 
6.3 State Referral Documents 

7.0 ENFORCEMENT 

7.1 Enforcement History 
7.2 Endangennent Assessment 
7.3 Administrative Orders 
7.4 Consent Decrees 
7.5 Affidavits 
7.6 Documentation of Technical Discussion with PRPs on Response Actions 
7.7 Notice Letters and Responses. 

8.0 HEAL TH ASSESSMENTS 

8.1 ATSDR Health Assessments 
8.2 Toxicological Profiles 
8.3 Risk Assessment 

9.0 NATURAL RESOURCE TRUSTEES 

9.l Notice Issued 
9.2 Finding of Fact 
9.3 Reports 

10.0 PUBLIC PARTICIPATION 

10.1 Comments and Responses 
10.2. Community Relations Plan 
10.3 Public Notice(s ) (Availability of the Administrative Record, File, Availability of the 

Proposed Plan, Public Meetings) 
10.4 Public Meeting Transcripts 
10.5 Documentation of Other Public Meetings 
10.6 Fact Sheets and Press Releases 
10.7 Responsiveness Summary 
10.8 Late Comments 
10.9 Public Correspondence 

11.0 TECHNICAL SOURCE AND GUIDANCE DOCUMENTS 

11.1 EPA Headquarters Guidance 
11.2 EPA Regional Guidance 
11.3 State Guidance 
11.4 Technical Source 
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BERGEN PERCHLORATE ION SITE 

ADMINISTRATIVE RECORD FILE 

MODEL INDEX OF DOCUMENTS 

The index of documents contains the following information about each document: 

Document #: Site Code (three letters of site name)-Section, First Page-Section - Last Page 
EXAMPLE (BP1.1001 - 1.1002) 

Title: 
Category: 
Author: 
Recipient: 
Date: 

Abstract of Document Contents 
Document Category/Section of Administrative Record File 
Writer and affiliation 
Addressee or Public and Affiliation, if applicable 
When document was created or transmitted 

Note: Items in the Administrative Record are for public access, and should be removed from the 
file only for copying. The cost of reproduction of the documents in the tIle is the responsibility 
of the person requesting the copy. 
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1.0 Project Description 

1.1 Prob [em Definition/Background 

The Borough of Park Ridge operates a water system which serves the Boroughs of Park 
Ridge and Woodcliff Lake, New Jersey. Water is supplied to this system through the 
pumping of 17 active wells located throughout the service area. The wells serve as the only 
source of water to this system 

In 2003, Park Ridge was required to collect samples for perchlorate analysis as part of the 
federally-mandated Unregulated Contaminant Monitoring Rule (UCMR) requirements. The 
initial UCMR sampling was conducted at five representative points in the water supply 
system Perchlorate was detected at the combined treatment system serving supply wells #9 
and #15 at Old Mill Park in the Borough of Woodcliff Lake. One sample had the result of13 
parts per billion (ppb) of perchlorate. As a result, the Board of Public Works, tested all 17 
water sources in the Park Ridge water system for perchlorate. Perchloate was also found at 
Park Ridge Well #10 located on Glen Road in Woodcliff Lake at a result of23 ppb. 

In July 2004, the Board of Public Works (Board) removed Well #10 from service and placed 
well #15 into "contingency" operational mode. The Board directed their engineer, Quad 3 
Group, to initiate the design oftreatment systems for wells 10 and IS and their hydrogeologic 
consultant, Leggette, Brashears & Graham, Inc. (LBG) to conduct an investigation into the 
potential perchlorate source. On July 24, 2004, The Board filed a Spill Fund Claim with the 
New Jersey Department of Environmental Protection (NJDEP) Environmental Claims 
Administration requesting funding for the construction of a perchlorate treatment system for 
wells 10 and 15. 

On August OS, 2004, NJDEP responded with a recommendation to "minimize the use" of 
wells 10 and 15, investigate options for treatment of the wells and file a damage claim with 
the Spill Fund for reimbursement of remediation costs. LBO began the source investigation 
by attempting to identifY any operations or disposal areas within the capture zones. No such 
operations were identified. They collected a series of ground water and surface water 
samples in the vicinity of Wells 10 and 15. Water samples were collected from nearby private 
wells and local springs and streams tor perchlorate analysis. The highest result was found in 
the ground water near Well #10. A greenhouse operation was found in close proximity to 
Well #10. LBG collected samples of solid fertilizer and dissolved fertilizer solutions from the 
greenhouse. The highest concentration was found to be 535,000 ppb in a fertilizer identified 
as Scotts Peters Professional Pansy Salvia and Vinca formula. 

Sampling ofnearby residential wells along County Road found significant concentrations of 
perchlorate. The NJDEP continued the sampling ofthe residences in the vicinity and beyond 
the possible greenhouse source. They collected potable well samples in August, October, 
November and December of2004 as well as January, February, March, July and August of 
2005. The results varied from non-detect to 91 ppb of perchlorate. In June of2005, the 
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ACTIVITY DATE 

Date of the request which initiates the project. June 08, 2005 

Review and Background information October 25, 2005 

Date by which the project plan will be submitted to all interested October 26, 2005 
parties. 

Obtain site access October 28 - 30, 2005 

Date by which comments on the plan are to be received by the project November 0 I, 2005 
officer. 

Date(s) of the field reconnaissance. N/A 

Date(s) of the field sampling activities. November 07 - II, 2005 

Date(s) the samples will be submitted to the laboratory for analysis. November II, 2005 

Date(s) by which all analyses are to be completed and the data 30 day turnaround time 
submitted to the project officer. 

Date of the completion of the draft interim/final project report. Within one week of the end of the 
(Sampling Trip Report) sampling event 

Date for the issuance of the final project report. Protocol dictates within two weeks of 
receipt ofvalidated analytical data. 

The primary use 0 f the data co llected will be to determine the levels 0 f perchlorate in the 
potable wells. This information will eventually be used to evaluate potential health risks, and 
determine the necessity to continue the cleanup process. 

2.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

2.1 Projectffask Organization 

The following is a list of key personnel and their corresponding responsibilities. Due to the 
work breakdown structure of the project, an organization list is provided instead ofa conciSe 
organization chart. 
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3.0 QUALITY ASSURANCE (QA) OBJECTIVES FOR MEASUREMENT DATA 
(PARCC) 

3.1 Quality Objectives and Criteria for Measurement Data 

To assess data quality, PARCC (Precision, Accuracy, Representativeness, Completeness, and 
Comparability) parameters will be utilized. This is an integral part of the overall monitoring 
network design. Precision and accuracy are expressed in purely quantitative tenns. Theother 
parameters are only expressed using a mixture of quantitative and qualitative terms. All of 
these parameters are interrelated in terms of overall data quality and they may be difficult to 
evaluate separately due to these interrelationships. The relative significance of each of the 
parameters depends on the type and intended use of the data being collected. Therefore, 
these essential data quality clements are delineated as follows. Up to 3 performance 
evaluation (PE) samples will be analyzed along side the perchlorate samples. The PE samples 
will be provided by the EPA contractor, Shaw Environmental located in Las Vegas and 
analyzed by the EPA Region I New England Laboratory. The PE sample is provided to the 
laboratory with a known concentration of perchlorate to demonstrate the laboratory accuracy 
capabilities. 

3.1.1 Analytical and sample collection precision 

A matrix spike/matrix spike duplicate (MS/MSD) is required to assess error associated with 
analyte interference with the quantitation of other analytes and error due to laboratory bias 
and precision. Hence, one sample will have three aliquots. The first aliquot will be analyzed 
routinely for the parameters of interest, while the other two aliquots will be spiked with 
known quantities of the parameters of interest prior to analysis. The Relative Percent 
Difference (RPD) between the two results will be calculated and used as an indication of the 
precision ofthe analyses performed. The equation for this calculation is presented below. 

RPD = IMSR - MSDRI x 100 
(MSR+MSDR)12 

where: MSR = Matrix Spike Recovery 
MSDR = Matrix Spike Duplicate Recovery 
I I indicates absolute value of the difference. Hence, RPD is always 
expressed as a positive value. 

Sample collection precision and data representativeness will be assessed by collecting field 
replicate samples. The field replicates will be used to evaluate errors associated with sample 
heterogeneity, sampling methodology and analytical procedures. The analytical results from 
these samples will provide data on the overall measurement precision. 

5 
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found as Appendix D. 
• Proper analytical procedures are followed and holding times of the samples are not 

exceeded in the laboratory according to: 

o U.S. EPA (Environmental Protection Agency) Region 1. September 2004. 
Standard Operating Procedure for the Analysis of Perchlorate in aqueous 
Samples by HPLCIMSIMS. Office of Environmental Measurement and 
Evaluation. Investigations and Analysis Unit - Chemistry Laboratory. New 
England Laboratory. North Chelmsford, MA which can be found as Appendix 
C. 

3.1.4 Data completeness 

Data completeness will be expressed as the percentage of valid data obtained from 
measurement system. For data to be considered valid, it must meet all the acceptable criteria 
including accuracy and precision, as well as any other criteria specified by the analytical 
method used. Therefore, all data points critical to the sampling program in terms of 
completeness will be 100% validated by USEPA Region I Office of Environmental 
Measurement and Evaluation. With 100% validation, the rationale for considering data points 
non-critical i." not required. 

3.1.5 Data comparability 

To ('''llSure data comparability, sampling and analysis for all samples will be performed using 
standardized analytical methods and adherence to the quality control procedures outlined in 
the methods and this QAPP. Therefore, the data will be comparable. 

4.0 SAMPLING PROCEDURES 

4.1 Sampling Process Design 

As part of the removal investigation process, U.S. EPA Region II DESNHWSB/SCST 
personnel will conduct a potable well sampling event in the vicinity of the Bergen Perchlorate 
Ion site. See the figure in Appendix A for a map ofthe site. The samples will be collected in 
accordance with U.S. EPA Region II, DESA/HWSB/SCST Standard Operating Procedure 
for Potable Well Water Sampling dated July 2004 which can be found as Appendix D. There 
are a total of 35 homes proposed for sampling. The number may change, however, based on 
the availability of the residents. The total samples collected by the U.S. EPA include a 
maximum of thirty five (35) environmental samples, three (3) field replicates (i.e., laboratory 
quality control sample), and up to two (2) trip blank samples will be collected. The samples 
will be submitted to the EPA Region I New England Laboratory at the conclusion of the 
week or the sampling event and will be analyzed according to U.S. EPA, Region 1 Standard 
Operating Procedurefor the Ana~vsis qf Perchlorate in aqueous Samples by HPLCIMSIMS 

7 



TABLE 1 
Itergcm; 'erehlorllte Ion Site 

. '. R~movallnvejipgatioll : 
.... i~llmp,JW:gaJl(l AP~ly~is~()t~o~s 

• c.' 'r. ,<.,<~ , ',,_ ... ' '.) '. ." . 

Sample Labomtory Number of Matrix Parameter/Fmction Sample Container' Sample Preservation Analytical Quantitation Lill1lt 
Type Samples Method 

Potable EPA 40' Aqueous Perchlorate (I) 60 mi. Sterile Cool to4"C EIASOP- I 0.2 !'g'L 
Well Region I polypropylene container LCMSCI04 

WI 

l.egend: 
, The numb ... '!" in parellihese> in the "Sumple Container" column denotes the number of containers needed. 

All sample bottles comply with OSWER Directive#9240.0"()5A; Specifications and GlIidance for obtaining ContaminalJl-Free COlJlainers, EPA 540/R-93/051. 
All holding times listed are Contractual Holding Times and are from the date ofYerified Time of Sample Receipt (VTSR). 

* The number of sample> indicated includes three field replicate samples, three PE samples and three MS/MSD samples for the EPA laboratory. 

9 

Holding Time' 

I 28 days 

N 
~ 

o 
o 
co 



2.1009 

Field data sheets and the field notebook will be completed for each sample collected. The Well 
Record will record will record sample location, purge time, sample time, sample characteristics, 
sampling personnel, treatment system information, weather and/or observations. An example 

of the Well Record is presented in Appendix B. The field notebook will be completed as 
provided for in Section 8.4: Data Quality Management ofthe QAPP. 

4.2.5 Sampling Equipment Decontamination 

There is no sampling equipment to be decontaminated during this sampling event by the EPA. 

4.2.6 Management of Investigative-Derived Wastes (IDW) 

The wastes that are anticipated on being generated during this sampling event are personnel 
protective equipment (i.e. gloves). The personnel protective equipment will be double-bagged 
and properly disposed of in on-site solid waste roll-off or off-site in properly designated 
containers. 

5.0 SAMPLE CUSTODY 

5.1 Special Training Requirements/Certification 

To perform the operations ofthi..<; sampling event, SCST will be dealing with the remediation 
activities on-site. This can imminently expose SCST personnel to potential occupational 
environmental hazards. As a result, it is important for SCST field personnel to be familiar with: 

• IdentifYing methods and procedures for recogrnzmg, evaluating and controlling 
hazardous substances. 

• Identifying concepts, principles, and guidelines to properly protect SCST field 
personnel. 

• Discussing regulations and action levels to ensure the health and safety ofSCST field 
oversight personnel. 

• Discussing the fundamentals needed to develop organizational structures and standard 
operating procedures to mitigate potential environmental hazards. 

• Demonstrating the selection and use of dermal and respiratory protective equipment. 
• Demonstrating the selection and use ofdirect-reading air monitoring instrumentation (if 

applicable ). 

In practice, not all ofthe potential environmental hazards which may be inherent to a site can be 
readily anticipated. To mitigate these circumstances, SCST field personnel must learn, follow, 
and enforce the published rules governing occupational health and safety. In addition, they 
must maintain awareness and exercise common sense and good jUdgment when confronting 
possible unsafe situations. Consequently, all divisions and offices at the Edison facility are 
required to provide their staffwith the necessary safety training and equipment to perform their 
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seal can be found in Appendix B. 

Samples will be packagt,'Ci and shipped in accordance with USEPA, Department of 
Transportation (DOT), and International Air Transport Association (lATA) procedures. All 
samples will be shipped at the conclusion of the sampling event or week via United Postal 
Service (UPS) to EPA Region I New England Laboratory. 

5.2.2 Sample custody procedures 

Standard U.S.EPA Chain-of-Custody Procedures will be followed for all samples and be in 
accordance with the U. S. EP A Region II CERCLA Quality Assurance Manual. The Sampler:S' 
Guide to the Contract Laboratory Program will be used as a guidance manual for completion 
of all Generic Traffic Reports & Chain-of-custody Record fonTIS, sample labels, custody seals, 
and other sample documentation which is presented in Appendix B. 

The Generic Traffic Report & Chain of Custody Records will be maintained from the time of 
sample collection until final deposition. Every transfer of custody will be noted and signed for 
and a copy of the record will be kept for each individual who has signed it. The chain-of
custody records will include, at a minimum. sample identification number, number of samples 
collected, sample collection date and time, sample type, sample matrix, sample container type, 
sample analysis requested, sample preservation, and the name(s) and signature(s) of samplers 
and all individuals who have had custody. Sample labels will only include the sample 
identification number a.<; per protocol to prevent any contlict ofinterest issues. Custody seals 
will demonstrate that a sample container or coo ler has not been opened or tampered with. The 
sampler will sign and date the custody seal and affix it to the container and/or cooler in such a 
manner that it cannot be opened without breaking the seal. 

6 .. 0 CALIBRA TION PROCEDURES AND FREQUENCY 

6.1 Instrument Calibration and Frequency 

Laboratory analytical equipment will follow procedures as specified under the U.S. EPA, 
Region 1 Standard Operating Procedurefor the Analysis of Perchlorate in aqueous Samples 
by HPLCIMSIMS which can be found as Appendix C for calibration and preventative 
maintenance. 

7.0 ANALYTICAL PROCEDURES 

7.1 Analytical Methods Requirements 

13 
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field notebook. This field notebook will be a bound weatherprooflogbook that shall be 
filled out at the location of sample collection immediately after sampling. All entries 
will be signed by the individuals making them. At a minimum, the logbook will contain 
sample particulars including sample number, collection time, location, descriptions, 
methods used, daily weather conditions, field measurements, name of sampler(s), 
sample preservation, and other site-specific 0 bservations including any deviations from 
protocol. 

• Field data sheets and corresponding sample labels are used to identifY samples and 
document field sampling conditions and activities. The Well Record will be completed 
at the time of sample collection and will include the following: sample location; purge 
time; sample time; sample characteristics; sampling personnel, treatment system 
information, weather and/or observations. An example ofthe data sheet is presented in 
Appendix B. Sample labels will be securely affixed to the sample container and include 
only the sample identification number as per protocol. 

• Sample labels will be securely affixed to the sample container and include only the 
sample identification number as per Protocol to prevent any conflict of interest issues. 
The sample labels will be sealed with clear tape to maintain sample label integrity. 

• The Generic Traffic Report & Chain of Custody Records will be maintained from the 
time of sample collection until final deposition. Every transfer of custody will be noted 
and signed for and a copy ofthe record will be kept for each individual who has signed 
it. The chain-of-custody records will include, at a minimum, sample identification 
number, number of samples collected, sample collection date and time, sample type, 
sample matrix, sample container type, sample analysis requested, sample preservation, 
and the name(s) and signature(s) ofsamplers and all individuals who have had custody. 

• Custody seals will demonstrate that a sample container or cooler has not been opened or 
tampered with. The sampler will sign and date the custody seal and affix it to the 
container or cooler in such a manner that it cannot be opened without breaking the seal. 

• Procedures are provided for project personnel to make changes, take corrective actions 
and document the process through Corrective Action Request Forms. Corrective action 
can occur during field activities, laboratory analysis, data validation, and data 
assessment. For further information, refer to Section 13.0: Corrective Action. 

Analytical data deliverables will be in acco[\,allce with the .S. EPA, Region I Standard 
Operating Procedure for the AnaZvsis of Perchlorate in aqueous Samples by HPLCIMSIMS 
which can be found as Appendix C. 

15 
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methodology and analytical procedures. The analytical results from these samples will provide 
data on the overall measurement precision. 

9.1.2 Data accuracy 

Accuracy is defined as the degree of difference between measured or calculated values and the 
true value. The closer the numerical value of the measurement comes to the true value, or 
actual concentration, the more accurate the measurement is. It is difficult to measure accuracy 
for the entire data collection activity. Sources of error are the sampling process, field 
contamination, preservation, handling, sample matrix, sample preparation and analysis 
techniques. 

9.1.2.1 Analytical accuracy 

Analytical accuracy will be assessed through the analysis of quality control samples specified in 
the analytical method (i.e., matrix spike, surrogate spike). The analytical accuracy will be 
expressed as the percent recovery (%R) of an analyte which has been added to the 
environmental sample at a known concentration before analysis and is calculated according to 
the following equation. See Table 2 for estimated accuracy. 

%R = [(A-B)/C] x 100 

where: A = The analyte concentration determined experimentally from the spiked 
sample. 

B = The unspiked sample concentration. 
C = The amount of spike added. 

Table 2 on page 20 of this QAPP depicts both the analytical precision and accuracy for the 
analytical methods chosen in terms of estimated percent recovery. 

9.1.2.2 Sample collection accuracy 

To assess sample accuracy, field quality control samples will be collected and evaluated 
including trip blanks. Trip blank samples will be collected during this sampling event to 
determine if the samples have been exposed to external contamination. 

9.1.3 Data Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely 

17 
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No performance audit offield operations is anticipated at this time. If CC>uducted pe t' , r ormance 
and systems audits will be in accordance with: 

• u.s. EPA (Environmental Protection Agency) Region II. Octo her 1994. SOP No. HW-
20: Standard Operation Procedure (SOP) for Conducting C E~CLA Field Audits 
Revision O. Division of Environmental Services and Assessrnent:-~ Hazardous Wast~ 
Support Branch, Hazardous Waste Support Section, Edison, N J. 

11.0 PREVENTIVE MAINTENANCE 

11.1 Instrument/Equipment Testing, Procedures & Scheduled Inspection and Maintenance 
Requirements 

As previously stated, calibration and preventative maintenance 0 f analytical laborato 
equipment will follow procedures as specified under U.S. EPA, Region 1 SLandard Operatinry 
Procedure/or the Analysis 0/ Perchlorate in aqueous Samples by HPLC/MSIMS which can b! 
found as Appendix C. 

11.2 Inspection/Acceptance Requirements for Supplies and Consumables 

All blanks (e.g., trip blank) will be prepared using demonstrated analyte free~ deionized water as 
specified in the U.S. EPA Region II CERCLA Quality Assurance Manual. The demonstrated 
analyte free water meets the assigned criteria values for the Contract Laboratory Program 
(CLP) Contract Required Detection Limits (CRDLs) and Contract ReqUired Quantitation 
Limits (CRQLs) as outlined in the most recent CLP Statements of Work (SOWs). The criteria 
is as follows: purgeable organics < 10 ppb. However, for common laboratory contaminants 
(i.e., methylene chloride, acetone, toluene, 2-butanone, and phthalates), the allowable limits are 
three times the respective CRQLs. All sample bottles comply with OSWER Directive #9240.0-
05A; U.S. EPA Specifications and Guidance for obtaining Contaminant-Free Containers , EPA 540/R-93/051. 

12.0 SPECIFIC ROUTINE PROCEDURESIMEASUREMENT PARAMETERS INVOLVED 

12.1 Reconciliation with Data Used to Assess PARCC for Quality Objectives Measurement 

Sample collection precision will be evaluated by collecting and analYZing a field duplicate 
sample. The field duplicate will be used to evaluate errors associated with sam I 
heterogeneity, sampling methodology and analytical procedures. The analytical results from fh e 
field duplicate and collocated sample~ will provid~ data on the overall measurement precision~ 
Precision will be reported as the relatIve percent dIfference (RP.D) for two measurements. The 
acceptance criteria tor the field duplicate samples are located In Table 2 on page 20. 
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The following project personnel will receive copies ofthe approved QAPP and any subsequent 
reViSIons. 

Project Personnel Title I 
Tom Budroe, OSC Overall Project Coordination 
ERRD/RAB 

Diane Salkie Project Officer 
DESAlHWSB 

Pat Sheridan Quality Assurance Officer 
DESAlHWSB 

14.2 Reports to Management 

The data co llected as a result of sampling activities; will be organized, analyzed and summarized 
in a final project report that will be submitted to the OSC according to the Project Schedule. 
The report will be prepared by the project officer or project quality assurance officer and 
include appropriate data quality assessment. 
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APPENDIX C 

u.s. EPA (Environmental Protection Agency) Region 1 

Standard Operating Procedure for the Analysis of Perchlorate in aqueous Samples by 
HPLC/MS/MS 

EIASOP-LCMSCI04Wl 

New England Laboratory 
September 2004 



aEPA USEPA Contract Laboratory Program Reference Case: R . Generic Chain of Custody Client No: 

Region: 2 Date Shipped: 10/1912006 ~haln of OIstody Record e.npl .. 
/---~ 81gnatu r I PrOject Code: .; ClUTIer Name: UPS 

Account .Code: AJrblU: 1z0615472110000915 
ReHnqulsbed By (Dallli TIme) Received By (Date/TIme) I 

CERCUS 10: ~ . [OlIY/Cfi ~ JOCi 
\..II;' f ~Ci\ ,,\ \0""' 

Shipped to: U.S. EPA Region 1 New n.o,,\~l.2 \\00 0 c5i. \"> l ., o. 
Spill 10: 02WW England Laboratory 

2 Site NamelState: Bergen Perchlorate Ion Site/NJ 11 Technology Drive 
North Chelmsford MA 

Project Leader: Diane Salkie 01863 3 
Aotlon: (617) 918-8602 
SampUngCo: U.S. EPA 4 

MATRIX/ CONCI ANALYSIS' TAQ No.1 STATION 8AMPLE COLLECT QC 

SAMPLE No. SAMPLER TYPE TURNAROUND PRESERV A TlVEI Botti .. LOCATION DATE1TIME Type 

FB·01 . Field QCI LJG PCl (21) (Ice OnIy)(1) FB-01 S: 10/1912006 8:30 
.... "--e Salkie 

.'?~ lkll / L{ G (JCL (l.\) ~a v"''-cJ\ (,\ \0 k~/()~ \t SJ 

Sh.ment for case Sample(s) to be used tor laboratory QC: Addltlonll Sampler Slgnal1lre(s): Chain of Custody Seal Number: " COlflpl ... ? Y c: 

A~lsKey: Concentration: L = LCIW, M = Low/MecIum, H = High TypelDeslgnate: Composite,. C, Grab = G Shipment 1<*11 

PCl .. Perchlorate 

TRNumber: 2·043013577 ·101906-0001 REGION COpy 
PR PfO'fIdes preUmlnary results. Requests for prenmlaary resulb wtn Increase analytical costs. 
Send Copy to: Sample Management Office, Attn: Heather Bauer, CSC, 15000 Conference Center Dr., Chantilly, VA 20151 ·3819; Phone 703/818-4200; Fax F2VS.1.047 Page 2 of 2 

, . . . - - -
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6. Additi(lnal Comments: 

The Ilulllb~r of samples includes: 

12 aqueous sampks including I field dupl icate sample (laboratory quality control 
sample); and 
I field blank (field quality control sample) 

The following Sample Numbers were used for laboratory and/or field quality control: 

Stalement 
of 

Work 
(SOW) 

Perchlorate 
EIASOP

LCMSCI04WJ 

Laboratory Quality Control (QC) Samples 

Matrix Spike (MS)/ 
Matrix Spike Duplicate Field Duplicate 

7. Report Prepared By: Diane Salkie 

Field Quality Control (QC) Samples 

Trip Blank 
(Single Blind) 

FB-OJ 

Date: October 23, 2006 
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AMENDMENT TO: 

QUALITY ASSURANCE PROJECT PLAN (QAPP) 

FOR THE 

REMOVAL lNVESTIGATION 

ATTHE 

BERGEN PERCHLORATE [ON SITE 

IN THE 

BOROUGHS OF PARK RIDGE AND WOODCLIFF LAKE, BERGEN COUNTY, 
NE\V JERSEY 

Dated October 25, 2005 

Prujcct Of:icer's Signatur~: ~~ Date: t Cll IO( G.(, 

Projel't Ofjicer's Name: Diane Salkic, Environmental Scientist . 

/1) 
Project Quality Assurance Officer's Signature: ;' Icf:::~Date: / () /1 z:... /IJ b 

Project Quallty Assurance Officer's Name: Pat Sheridan, QA Officer 

Date Prcp"red: October 10,2006 
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4.0 SAMPUl\C PROCEDURES 

4.1 Sampling Process Design 

A~ part aftlle removal investigation process, U.S. EPA Region n DESA/HWSB/SCST 
persollnel will conduct a potable well sampling event in the vicinity of the Bergen 
Perchlorate Ion site. See the figure in Appendix A for a map of the site. The samples 
will be collected in accordance with U.S. EPA Region II, DESA/HWSB/SCST Standard 
O})eralillg Procedure{or Potable Well Water Sampling dated July 2004 which can be 
found as Appendix D. Based on potable well sample results attained by the New Jersey 
Department of Environmental Protection, a number of residences exceeded the action 
level of 24.5 ,ug/L. The data was collected over six months ago and needs to be verified 
pr:or [0 IOscdlation ofa treatment system due to temporal changes. 

TIlL're arc 3 total of 15 homes proposed lor sampl ing. The number may change, however: 
based 011 tile availability of the reSidents. The total samples collected by the U.S. EPA 
include ::1 maximum of fifteen (15) environmental samples, one (1) field replicate (i.e., 
laburatory Llllcdity control sample), and one (I) field blank sample will be collected. The 
samples will be submitted to the EPA Region I New England Laboratory at the 
conclusion of the week or the sampling event and wi~1 be antlyzed according to U.S. 
EP.i\, Region I Stondard Opemtillg Procedure for the Analysis of Perchlorate in 
aq1leolls Sonrples h} HPLCIMSIMS whicb can be found as Appendix C. 

TABLE I 
Bergen Perchlorate Ion Site 

Removal Investigation 
Sampling and Analysis Protocols 

Sample Lahof<ilory Number of Matrix Paramet8r/ Sal11pk Container' Sample Analylicai Quantitation I Holding 
Type S'"1'I)ics Fraetinn Preservation Method Limit . Time' 

I\nable EPA 17* I Aqueous Perchlorate (I) 60 Ill!. Sterile 
polypropylene 
c0l1tain8r 

Cool to 4°C I EIASOP
LCMSCIO-lWI 

0.2 pg/L I 28 days 
Well Rc:gionl 

l.c\Jt:nd' 
,~t' nUlllber in I'arcntheoes ill ti1c "Sample (·ontaincr" coluilln denotes the nUillber of cont:Jincrs needed. 

All Sall1l'ic b,)lIk's c,"l'Jlly wllh OSWER Di,·ectivc W!140.i'-O)A: S/Jccl/i<:,lIir'ils (Jlld Guid{Jnce(orohwillin.: ConluminulIl-Free Contoitlers, EPA 540/1<-
93/1)51. 
All holding tim:s li'lcd "re CUllIl·actu"lllolcling Times and arlO flOm the date of Verified Time of Sample Receipt (VTSR) 
The number "f .""'plc, II1lLci!tcd incllllks three licld replil·atc sal11ples, Ihree PE samples and three MS/MSD sJmples for the EPA laboratory. 

4.2.2 Sample coikction methodology 

All samples illcluding QAIQC samples, wi!! be collected by personnel from tbe USEPA 
Region II DESA/H WSB/SCST ii'om up to 12 residents in the vic1l1ity of the Bergen 
Perchlorate Jon site. The total number of samples includes: twelve (12) environmental 
samples, olle (1) field replicate (laboratory quality control sample), and one (1) field 
blank (field quality control sample). As previously stated, the sampling will be 
cOllducted ill accordance with U.S. EPA Region II, DESA/HWSB/SCST Standard 



Site Name: 
Sampling Date: 

SAMPLING TRIP REPORT 

Bergen County Perchlorate Ion Site 
November 7 - 9, 2005 

L.. "'ULJ 

Site Location: Upper Saddle River and Saddle River, Bergen County, New Jersey 

Sample Descriptions: 

Refer to Table 1 for sample descriptions. 

Laboratories Receiving Samples: 

--

Sample Type Laboratory Name and Address of Laboratory 
Code 

Perchlorate EPA-NE U.S. EPA Region 1 New England 
Laboratory 
11 Technology Drive 
North Chelmsford, MA 01863 

4. Sample Dispatch Data: 

On November 07 -09, 2005, a total of thirty two (32) aqueous, potable well samples, 
including two (2) blind duplicate samples, and one (1) quality control (QC) samples (i.e., trip 
blank) were collected. All samples shipped to the Region I New England Laboratory for 
perchlorate ion analysis on November 09, 2005 at 1900. All samples were sent in one cooler 
on wet ice via United Parcel Service under tracking number A5491379706. The sample 
collection details can be found on Table 1 and the chain of custody record is presented as 
Appendix A. 

5. Sampling Personnel: 

Name Organization Site Duties 

Diane Salkie USEP A Region II DESNHWSB Project Manager/Sample 
Superfund Contract Support Team Management 

Christina Leung USEPA Region II DESAlHWSB Field Personnel 
Superfund Contract.Support Team 

Pat Sheridan USEP A Region II DESNHWSB Quality Assurance Officer 
Superfund Contract Support Team 



TABLE 1 
SAMPLE DESCRIPTIONS 

BERGEN PERCHLORATE ION SITE 
Sample -Locationl Sample Sample Collection Sample Analysis Sample Container Sample Sample 

Type Date I Time ID Requested Volume Preservation 

Potable Well 11107/05 I 0916 20BRY Perchlorate (1) 60 ml Sterile 60ml I Cool to 4°C 
bottle 

Potable Well 11 /07/05 1008 2FRED Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
polypropylene bottle 

Potable Well 11 /07/05 1024 31T1MB Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
polypropylene bottle 

Potable Well I 11/07/05 1110 2IBRY Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
polypropylene bottle + 

Potable Well I 11107/05 I 1113 24ALD Perchlorate (l) 60 ml Sterile 60 ml Cool to 4° C 
polypropylene bottle 

Potable Well I 11 /07/05 I 1136 36GLEN Perchlorate (1) 60 ml Sterile 60ml Cool to 4° 
polypropylene bottle 

Field QC 11 /07/05 1140 TB-Ol Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
polypropylene bottle 

Potable Well IlJ07/05 1204 16GLEN Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
polypropylene bottle 

Potable Well 11 /07/05 1204 IOOGLEN Perchlorate (1) 60 ml Sterile 60 ml Cool to 4° C 
polypropylene bottle 

Potable Well 11/07/05 1215 16DRA Perchlorate ( 1) 60 m1 Sterile 60 ml Cool to 4°C 
polypropylene bottle 

Potable Well 11/07/05 1415 14RED Perchlorate (l) 60 ml Sterile 60 ml 
. 

Cool to 4° C 
polypropylene bottle 

Potable Well 11107/05 1426 19T1MB Perchlorate (1) 60 ml Sterile 60 ml Cool to 4° C 
polypropylene bottle 

Potable Well 11107/05 1450 49STEV Perchlorate (1) 60 ml Sterile 60 ml Cool to 4°C 
. polypropylene bottle 

Potable Well 11107/05 1456 6BAY Perchlorate ( 1 ) 60 rnl Sterile 60 ml Cool to 4° C 
~ 
'J 
:) Potable Well I 11107(05 I 1521 136STEV I Perchlorate I (I) 60 ml Sterile 160 ml I Cool to 4°C -
--i 
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Sample Location 

11/09/05 

Potable Well I 11109105 

Potable Well I 11/09/05 

1139 

1315 

1340 

TABLE 1 - Continued 
SAMPLE DESCRIPTIONS 

TEJON SITE 

Perchlorate 

Perchlorate 

11 STEV I Perchlorate 

2WHITE I Perchlorate 

Sample Container Sample Sample 
Volume Preservation 

60 ml Cool to 4° C 

60 ml Cool to 4°C 

60 ml Cool to 4°C 

60 ml Cool to 4°C 



oEPA USEPA Contract Laboratory Program 
'. Generic Chain of Custody 

Region: 2 Date Shipped: 111912005 
Project Code: 

Carrier Name: UPS 
Account Code: Alrblll: A5491379706 
CERCLIS 10: 

Shipped to: U.S. EPA Region 1 New 
Spill 10: 02WW England Laboratory 
Site Name/State: Bergen Perchlorate Ion Site/NJ 11 Technology Drive 

Project Leader: Diane Salkie 
North Chelmsford MA 
01863 

Action: Screening Site Investigation 
(617) 918-8602 

Sampling Co: U.S. EPA 
- - ---- --

MATRIXI CONCI ANALYSISI TAG No.1 STATION 
SAMPLE No. SAMPLER TYPE TURNAROUND PRESERVATIVEI Bottles LOCATION 

UG PCl (21) (Ice Only) (1) 

UG PCl (21) (Ice Only) (1) 

UG PCl (21) (Ice Only) (1) 

UG PCl (21) (Ice Only)(1) 

UG PCL (21) (Ice Only) (1) 

UG PCl (21) (Ice Only) (1) 

UG PCl (21) (Ice Only) (1) 

UG PCl (21) (Ice Only) (1) 

Reference Case: R' 
Client No: 

Chain of Custody Record 

Relinquished By 
.#' 

(Date I TIme) 

~~(lli/~ (hJ 

.f ...... 

3 

4 

SAMPLE COLLECT 
DATE/TIME 

S: 111712005 12:10 

S: 11/7/2005 17:30 

S: 111912005 13:15 

s: 11/9/2005 10:00 

S: 11/9/2005 11 :10 

S: 11 /712005 14:15 

S: 11/8/2005 11 :55 

s: 11nt2005 12:15 

Sampler --:' ~ 
slgnatuhC y~ .. 
Recelved13y (Date I TIme) 

VB (Jt~~i I 37"l70 fi 

- - ---- -

QC 
Type 

Spike 

l\ l'\lel} 
• ""'/0( 

UG PCl (21) (Ice Only) (1 ) 

--
s: llnt2005 12:04 

UG PCl (21) (Ice Only) (1 ) S: 1118/2005 10:07 

UG PCL (21) (Ice Only) (1) S: 11/7/2005 14:26 
Diane Salkie 

Shipment for Cne Simple!s) to be ustd for laboratory QC: IAddltl.ona/ Sampler Signaturels): Chliln of CUltody SuI Number: 
Compl.tII? Y 

12DOG,218RV 

Analy,l, Key: Concentration: L'" Low, M .. LowlMedium, H "HIgh 

pel:: Perchi'0f8le 

2-043013577 -110905-0001 RE PR provIdes preliminary results. Requests for prelimInary results w1l11ncrease analytical costs. 
Send Copy to: Sample Management Office , Attn: Heather Bauer, CSC, 15000 Conference Center Dr. , Chantilly, VA 20151 -3819; Phone 703/818-4200 ; Fax F2VS.1.047 Paoe 1 nf:l 
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~EPA USEP~ Cont~act Laboratory Program Reference Case: R . Genenc Cham of Custody 
C~ent No: 

Region: 2 Date Shipped: 111912005 Chain of QJstody Record 
Project Code: 

Carrier Name: UPS 
Account Code: 

A1rblU: A5491379.706 y (Date I TIme) 
CERCUS 10: 

I.J ('" ..> ~, Shipped to: U.S. EPA Region 1 New 
A.":;''-( 1. (~7"I?~ SpItIID: 02WW England Laboratory 

Site NameJState: Bergen Perchlorate Ion Site/NJ 11 Technology Drive 
Project leader: Diane Sallde North Chelmsford MA 

01863 3 Action: Screening Site Investigation 
(617) 918-8602 

Sampling Co: U.S. EPA 4 

MATRIX! CONCI ANALYSISI TAG No.1 STATION SAMPLE COLLECT QC 

SAMPLE No. SAMPLER TYPE TURNAROUND PRESERVATIVEI Bottles LOCATION DATE/1lME Type . 

--- -~ 

(21) (Ice Only) (1) S: 11/912005 10:25 
Diane Sallde 

Potable Weill UG PCL (21) (Ice Only) (1) S: 11n12005 14:50 

UG PCl (21) (Ice Only) (1) S: 11/912005 11 :39 

UG PCl (21) (Ice Only) (1) S: 11/812005 15:24 

UG pel (21) (Ice Only) (1) S: 11/812005 11 :27 

UG PCl (21) (Ice Only) (1 ) s: 11/812005 14:21 

UG PCl (21) (Ice Only) (1) s: l1nl2005 14:56 

Potable Weill UG PCl (21) (Ice Only) (1) S: 111812005 13:21 

UG PCl (21) (Ice Only) (1) s: 111712005 17:03 

Field aCI UG PCl (21) (Ice Only) (1) S: l1nt2005 11 :40 Trip Blank. 
Diane Salkie 

Shipment for C.ase Sample(s) to be used for laboratory QC: AddlUonaI Sampler Signature(s): Chain of Custody Seal Number: 
Complellll? Y 

12DOG,21BRY 

Analysis Key: Concentration: L :: Low, M = LowlMedium, H = High Type/Designate: Composite = C, Grab = G Shipment Iced? 

PCl = Perchlorate 

TR Number: 2-043013577 -110905-0001 
PR provides preliminary results. Requests for preliminary rnulte will lnerease analytical costs. 

. REGION COpy 
Send Copy to: Sample Management Office, Attn: Heather Bauer, CSC, 15000 Conference Center Dr., Chantilly, VA 20151-3819; Phone 7031818-4200; Fax F2VS.1.o.7 Page 3 013 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 2 
2890 WOODBRIDGE AVENUE 
EDISON, NEW JERSEY 08837 

ACTION MEMORANDUM 

DATE: .~ 

2.5001 

SUBJECT: Request for Approval of a Removal Action at the Bergen Perchlorate Ion Site 
Saddle River Borough, Upper Saddle River Borough, Park Ridge Borough and 
Woodcliff Lake Borough, Bergen County, New Jersey 

FROM: Thomas P. Budroe, On-Scene Coordinator 7..42v~"'?~ 
Removal Action Branch -

TO: George Pavlou, Director 
Emergency and Remedial Response Division /, 

/ . , 
( / 

THRU: Joseph D. Rotola, c:.h~t~;:?;>1 
Removal Acti~~Finch ~ 

Site ID: WW 

I. PURPOSE 

This Action Memorandum requests and documents approval of the proposed removal action, 
described herein, for the Bergen Perchlorate Ion Site (Site), located in Saddle River Borough, 
Upper Saddle River Borough, Park Ridge Borough and Woodcliff Lake Borough, Bergen 
County, New Jersey. The total funding requested in this memorandum is $143,877, of which 
$137,797 is from the Regional Removal Advice of Allowance for mitigation contracting. 
Funding requested in this memorandum will be used to install point-of-entry treatment (POET) 
systems in residences having perchlorate ion (perchlorate) in their drinking water at or above 
24.5 micrograms per liter (f-lg/L). The Site is not proposed for listing on the National Priorities 
List (NPL). ' 

The U.S. Environmental Protection Agency (EPA) has documented the release or threat of 
release of hazardous substance(s) or pollutants or contaminants into the environment at the Site. 
The release(s) and/or threat of release(s) of pollutants and contaminants at and from the Site may 
present and an imminent and substantial danger to human health or welfare. Accordingly, a 
Comprehensive Environmental Response, Compensation and Liability Act of 1980, as amended 
(CERCLA) removal action is warranted at the Site pursuant to Section 104(a) of CERCLA, 42 
U.S.c. §9604(a), and related Federal regulations. The Site meets the definition of a facility 
under Section 101(9) ofCERCLA, 42 U.S.C. §9601(9). There are no nationally significant or 
precedent-setting issues associated with this removal action. 

internet Address (URL) * httprJwW'Nepagov 
~.ecydf:d.rRBcyclab~e ~ pr~f~t2d 'Nith \/;::getab\8 Oil 8a820 irKS :...;n :<,9C~tCied P2q:er \:r-,A1n!murn 2SC:fO p')stccns .. ;[npr) 
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II. SITE CONDITIONS AND BACKGROUND 

The Comprehensive Environmental Response, Compensation and Liability Information System 
10 Number for this time-critical removal action is NJC200400133. 

A. Site Description 

1. Removal site evaluation 

EPA received a written request from the New Jersey Department of Environmental Protection 
(NJOEP) on June 6, 2005, to evaluate the Site for CERCLA removal action consideration. 
NJOEP further requested that EPA provide an alternate water supply for impacted homes 
through POET systems or waterline extensions. 

The Borough of Park Ridge operates a water system serving parts of Park Ridge Borough and 
Woodcliff Lake Borough, New Jersey. In 2003, the Park Ridge Borough collected supply well 
water samples for perchlorate analysis as required by the federally-mandated Unregulated 
Contaminant Monitoring Rule (UCMR). Perchlorate was detected at one sampling location at a 
level of 13 Ilg/L. NJDEP became aware of the perchlorate groundwater contamination as a result 
of the above sampling event. In response to the situation, NJDEP, the Park Ridge Borough water 
company and the local health department conducted an investigation which included sampling 
private potable wells in the area. At the time of the NJDEP referral to EPA, over 55 private 
wells had been sampled and analytical results indicated that 17 wells demonstrated levels over 5 
parts per billion (Ppb). The highest concentration detected was 91 ppb. 

From November 7 through November 9, 2005, EPA collected a total of32 aqueous, potable well 
samples from 29 residential private wells, including two blind duplicate samples and one trip 
blank. The sampling consisted of purging the residences potable water for ten minutes from the 

. most accessible untreated water location closest to the well pressure tank. Each sample was 
filtered into a sterile polypropylene container. A Well Record was completed with all available 
information regarding the well at each sampling location. All samples were shipped to the EPA 
Region I, New England Laboratory for perchlorate analysis on November 9,2005. Perchlorate 
analysis was conducted using High Performance Liquid Chromatography/Tandem Mass 
Spectrometry (HPLC MSIMS) technique (EIASOP-LCMSCI04WI). The system consists ofa 
Thermo Surveyor HPLC system linked to a Thermo Finnigan LCQ Deca Ion~Trap Mass 
Spectrometer. Of the 29 sample locations, nine samples were collected in Saddle River and 20 
were collected in Upper Saddle River. The sample results for Saddle River ranged from non
detect to 16 Ilg/L. The sample results for Upper Saddle River ranged from non-detect to 6.2 
Ilg/L. Of the 29 sample locations, 27 had results reported with detectable levels of perchlorate. 
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The following table provides information on the sample collection and analytical results. 

Table 1: Well Water Sample Collection Information and Perchlorate Analytical Results 
November 2005 

Sample Location Date Well Depth Sample 
(ft) Result (!-lg/L) 

Saddle River 11107/05 100 * 6.7 
Saddle River 11/09/05 125 * 0.85 
Saddle River 11107105 200 ND 
Saddle River 11109/05 200 * 1.2 
Saddle River 11109/05 231 5.2 
Saddle River 11108/05 200 - 250* 10 
Saddle River 11107/05 Unknown 10 
Saddle River 11107/05 Unknown 16 

Saddle River 11108/05 Unknown 7.4 
Upper Saddle River 11/07/05 105 4.2 
Upper Saddle River 11/07/05 126 ND 
Upper Saddle River 11108/05 130 1.8 
Upper Saddle River 11107/05 150 0.84 
Upper Saddle River 11107/05 150 0.48 
Upper Saddle River 11/08/05 150 0.31 
Upper Saddle River 11107105 160 2.0 
Upper Saddle River 11107/05 160 0.44 
Upper Saddle River 11109/05 160 0.36 
Upper Saddle River 11109/05 200 4.5 
Upper Saddle River 11109/05 300 4.0 
Upper Saddle River 11/08/05 500 0.49 
Upper Saddle River 11107105 550 0.58 
Upper Saddle River 11108/05 550 6.2 
Upper Saddle River 11107/05 Unknown 0.27 
Upper Saddle River 11/07/05 Unknown 0.3 
Upper Saddle River 11107/05 Unknown 0.7 
Upper Saddle River 11107/05 Unknown 1.1 
Upper Saddle River 11108/05 Unknown 0.8 

! 

Upper Saddle River 11/09/05 Unknown 0.92 I 

Trip Blank 11107105 ND I 
*The residents who provided this well depth figure were not certain of its accuracy. 
ND: N ondetect 
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NJDEP provided EPA with a list of Site residents they previously sampled having reported 
perchlorate results approaching or exceeding 24.5 Ilg/L. From October 17 through October 19, 
2006, aqueous, potable well samples, including one blind duplicate sample were collected from a 
pre-treated water source in eleven residences on the aforementioned list provided by NJDEP. In 
addition one field blank sample was collected for field quality control. All samples were shipped 
to the EPA Region I New England Laboratory for perchlorate analysis on October 19,2006. Of 
the 11 sample locations, six samples were collected in Saddle River, four were collected in 
Upper Saddle River and one was collected in Woodcliff Lake. The sample results for Saddle 
River ranged from 17 Ilg/L to 44 Ilg/L. The sample results for Upper Saddle River ranged from 
16 Ilg/L to 91 Ilg/L. The only result in Woodcliff Lake was reported at 95 Ilg/L. All ofthe 
sample locations had results reported with detectable levels of perchlorate and nine had results 
exceeding EPA's Drinking Water Equivalent Level (DWEL) for perchlorate of24.5 Ilg/L. The 
following table provides information on the sample collection and analytical results. 

Table 2: Well Water Sample Collection Information and Perchlorate Analytical Results 
October 2006 

Sample Location Sample Well Sample 
Date Depth (ft) Result (llgIL) 

Saddle River 10/18/06 220 41 
Saddle River 10/19/06 245 39 
Saddle River 10/17/06 300 37 
Saddle River 10/18/06 Unknown 17 
Saddle River 10/18/06 Unknown 33 
Saddle River 10/18/06 Unknown 44 

Upper Saddle River 10/18/06 101 42 
Upper Saddle River 10/18/06 125 47 
Upper Saddle River 10/18/06 Unknown 16 
Upper Saddle River 10/18/06 Unknown 91 

Woodcliff Lake 10/18/06 Unknown 95 

On January 26,2006, EPA released "Assessment Guidance for Perchlorate" (Guidance). This 
Guidance replaced previous Office of Solid Waste and Emergency Response (OSWER) 
guidance regarding perchlorate under the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP), 40 CRF Part 300. This EPA Guidance document is included as 
Attachment B. Following the National Academy of Sciences' (NAS) National Research Council 
(NRC) review, EPA adopted a reference dose (Rill) for perchlorate of 0.0007 milligram! 
kilogram-day (mg/kg-day), and the Guidance applies the Rill to EPA's CERCLA program. 
This is equivalent to approximately 0.045 milligrams per day (or 45 micrograms) in a pregnant 
woman or 0.05 milligrams per day in an average-weight man. This Rill leads to a DWEL of 
24.5 Ilg/L or 24.5 ppb. EPA calculated the DWEL using the RID multiplied by an adult body 
weight of 70 kg and divided by a conservative tap water consumption value of 2 liters/day. 
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NRC's January 2005 final report, "Health Implications of Perchlorate Ingestion," recommended 
an RID of 0.0007 mglkg-day. Based on the NRC report and its recommended RID, the EPA 
Integrated Risk Information System (IRIS) perchlorate RID is now 0.0007 mglkg-day. EPA has 
determined that the RID recommended by NRC and adopted by EPA represents the best 
available science regarding the toxicity of perchlorate. Consequently, this IRIS RID of 0.0007 
mg/kg-day is now the appropriate value for use by risk assessors and project managers. 

The NCP (40 CFR 300.430(e)(2)(i)(A)(1» provides that when establishing acceptable exposure 
levels for use as remediation goals, consideration must be given to concentration levels to which 
the human population, including sensitive subgroups, may be exposed without adverse effects 
over a lifetime or part of a lifetime, incorporating an adequate margin of safety. The RID for 
perchlorate on which the acceptable exposure level would be based is a conservative public 
health-protective value derived using an uncertainty factor to ensure protection of the most 
sensitive population. Specifically, because the RID includes a full ten-fold intraspecies 
uncertainty factor to protect the most sensitive population, the fetuses of pregnant women who 
might have hypothyroidism or iodide deficiency, it is also protective of other sensitive 
populations such as neonates and developing children. As noted in the IRIS summary for 
perchlorate, an uncertainty factor often was viewed by the NRC as conservative and health
protective particularly because the RID is based on a non-adverse effect that would precede any 
adverse effect resulting from perchlorate exposure. In addition, the Agency's practice of using 
the RID to calculate a DWEL for perchlorate using a 70 kg body weight and a water 
consumption value of2 liters/day is further supported in this instance by the fact that the 
standard weight and consumption values also represent weight and consumption values relevant 
for protecting the most sensitive population. 

The NCP provides that "preliminary remediation goals should be modified, as necessary, as more 
information becomes available during the RIIFS" (remedial investigation / feasibility study). Rls 
at sites with perchlorate contamination should be conducted with the same approach as RIs at all 
other sites, assessing factors such as physical characteristics of the site; characteristics or 
classifications of air, surface water, and groundwater; general characteristics of the waste; the 
extent to which the source can be adequately identified and characterized; actual and potential 
exposure pathways through environmental media; actual and potential exposure routes; and other 
factors, as set out in 40 CFR 300.430(d). For example, the RI may indicate that individuals at a 
site may be exposed to perchlorate through mUltiple pathways. In such cases, contribution from 
non-water sources should be considered based on site-specific data until further national 
guidance on relative source contribution is developed. 

In sum, the primary contaminant of concern found in groundwater at the Site is perchlorate. The 
Removal Site Evaluation (RSE) completed by EPA documented the presence of perchlorate in 
groundwater and in many wells from which groundwater is extracted for potable purposes. The 
level of perchlorate detected in samples taken from nine of the potable wells sampled by EPA 
was in excess of the EPA DWEL of24.5 ugiL. Its presence is indicative of some historical 
release(s) which may have occurred at or upgradient of the Site. One or more point and/or non
point sources of perchlorate contributed to the levels of perchlorate found in groundwater at the 
Site. The identity of these source(s) is, however, currently unknown. 
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2. Physical location 

The Site consists of a groundwater aquifer contaminated with perchlorate. The location of the 
Site is currently defined as the communities of Saddle River Borough, Upper Saddle River 
Borough, Park Ridge Borough and Woodcliff Lake Borough, Bergen County, New Jersey in a 
residential area (Attachment A, Figure 1). The extent of the perchlorate contamination in the 
groundwater has not been delineated, and the Site may expand as additional data are received 
and evaluated. 

Homes constructed over much of the Site were built in the 1960s. Previous to housing, much of 
this area was reportedly farmed as apple,peach and cherry orchards as well as strawberry fields. 

Perchlorate contamination has impacted the semiconfined bedrock aquifer within the Brunswick 
Formation of the Newark Group. The Brunswick Fomlation is composed of mudstone, siltstone 
and sandstone, and is a major source of potable water for much of Bergen County. 

The Newark Group generally strikes north-northeast and dips to the west-northwest at 10 degrees 
in this area. In the Brunswick Formation, groundwater is stored and transmitted through a series 
of interconnected joints, fractures and solutions channels collectively referred to as secondary 
porosity. This secondary porosity decreases with depth. As a result, only the upper 200 to 
500 feet of the Brunswick Formation is considered an aquifer. Groundwater flow tends to be 
anisotropic with a principal direction of flow parallel to strike. Groundwater flow velocities in 
fractured rock aquifers are generally much higher than in unconsolidated aquifers; and high 
yielding wells can draw groundwater from distances much farther (up to several miles) than 
similar wells in unconsolidated formations. 

3. Site characteristics 

The Park Ridge Board ofPubIic Works (Board) operates a water system serving the Borough of 
Park Ridge and Woodcliff Lake, New Jersey. Water is supplied to this system through the 
pumping of 17 public wells located throughout the service area. The wells serve as the only 
source of water to this system. In 2003, Park Ridge was required to collect supply well samples 
for perchlorate analysis as part of the requirements of the federally:..mandated UCMR. 
Perchlorate was detected at one sampling location at a level of 13 J.!g/L. This sampling location 
is a combined treatment system serving supply wells number 9 and number 15 at Old Mill Park 
in the Borough of Woodcliff Lake. During another sampling event Park Ridge sampled well 
number 10 located at Glen Road in Woodcliff Lake, and the analysis indicated perchlorate at 
23 Ilg/L. In July 2004, in response to the perchlorate detections in it's Woodcliff Lake supply 
wells, the Board decided to remove well number 10 from service, and to place well number 15 
into/"contingency" operational mode. 
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The Board directed their engineer to initiate the design of treatment systems for wells 10 and 15 
and also directed their environmental consultant (Consultant) to conduct an investigation to 
determine the source of the perchlorate contamination. Their Consultant began the source 
investigation by attempting to identify any operations or disposal areas within the capture zones 
of the supply wells. They also collected groundwater and surface water samples in the vicinity 
of wells 10 and 15 for perchlorate analysis. The sampling results indicated that the highest 
perchlorate levels were found in groundwater close to well number 10. 

The Consultant visited a commercial greenhouse operation located in Woodcliff Lake situated 
within 600 feet of well number 10 and collected samples of the fertilizers used there for 
perchlorate analysis. The analytical results indicated that the fertilizer (Scotts/Peters Excel, 15-
2-20 Plus 3.75% Ca and 2% Mg Pansy, Salvia and Vinca formula) contained approximately 
550,000 ppb of perchlorate. The nitrate source for this fertilizer was excavated from a Chilean 
desert and is believed to be the source of the perchlorate in the fertilizer. It is important to note 
that the Consultant collected samples of four other fertilizers also used by the greenhouse, and 
the analysis indicated the presence of perchlorate ranging from 5,700 to 85,000 ppb. 

On October 29, 2004, soil samples were collected by the Consultant at the greenhouse property. 
Three samples were collected at the 0-3 inch depth interval from inside the greenhouses. One 
sample was collected immediately adjacent to a fertilizer mixing tank and two were collected 
from beneath racks of potted plants. Perchlorate analytical results ranged from non-detect to 
2 ppb. 

Formerly, another commercial horticultural greenhouse was located on Chestnut Ridge Road, 
Woodcliff Lake, NJ, behind the location of the present retail strip mall. In addition, flowers were 
grown in an adjacent field. The irrigation water for that operation was reportedly provided by an 
on-site well which discharged to a water retention pond. This operation was located within 
500 feet of a dbmestic well on County Road where perchlorate was detected as high as 91 flglL. 

Another former farm operation was investigated which was located on Chestnut Ridge Road. 
Irrigation water was reportedly provided by an on-site well. NJDEP continued sampling 
residences in the vicinity of the possible greenhouse source and beyond. NJDEP collected 
potable well samples in August, October, November and December of2004 and January, 
February, March, July and August of2005. The results varied from non-detect to 91 ppb of 
perchlorate. 

An EPA Environmental Response Team (ERT) hydrologist also conducted a review of the 
sampling data specific to the Site and the regional hydrogeologic data and generic data on the 
fate of perchlorate in soil and groundwater. His report is included as Attachment C. The EPA 
ERT investigation has not resulted in any information sufficient to identify any potentially 
responsible parties for the Site to date. 
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4. Release or threatened release into the environment of a hazardous substance, or 
pollutant, or contaminant 

Five perchlorate compounds are manufactured in large amounts; ammonium perchlorate, lithium 
perchlorate, magnesium perchlorate, potassium perchlorate and sodium perchlorate. When 
perchlorates dissolve, they separate into two parts. One part has a positive charge (cation), and 
the other part has a negative charge (anion). The anion is the perchlorate ion. 

One of the perchlorate salts, ammonium perchlorate is produced in very large amounts because it 
is used in rockets. The solid booster rocket on the space shuttle is almost 70% ammonium 
perchlorate. Perchlorates are also used in explosives. It has been estimated that 90% of 
perchlorates that are produced are used for defense and aerospace activities. 

Other uses of perc hi orates include fireworks, flares, gunpowder, temporary adhesives, 
electrolysis baths, batteries, drying agents, etching agents, and oxygen generating systems. They 
are also used for making other chemicals. Perchlorates were once used as a medication to treat 
an over-reactive thyroid gland. Currently, perchlorates are used to prevent technetium uptake 
during medical imaging and as part of a treatment to counter the thyroid effects of the drug 
amiodarone. 

Perchlorates have been known to enter the environment where rockets were made, tested, and 
disassembled. Factories that make or use perchlorates may also release them to soil and water. 
Some factories may release perchlorate dusts, which can be carried away by the wind. It is 
believed that perchlorates may enter the environment in small amounts from the use of 
fireworks, explosives, flares, and similar products, but it has not been ascertained. Recent 
studies have reported that perchlorate contamination is being found in locations where it has not 
been known to be made, used, or released by humans. It is unclear how the perchlorate came to 
be located in these areas. 

Perchlorates occur naturally, for example, in the saltpeter (potassium nitrate) deposits in the 
Atacama Desert of Chile, South America. Chilean saltpeter is used to make fertilizer. 

Perchlorate is a highly mobile groundwater contaminant. Perchlorate is generally released to the 
environment as a water soluble salt. As a constituent of a salt, it dissolves readily in water, and 
because it is an anion, it does not adhere well to soil or bedrock surfaces. Therefore, perchlorate 
tends to move at the same rate as the groundwater. Point source releases to the environment are 
commonly linked to the manufacture, testing or disposal of solid rocket propellant, the 
manufacturing of perchlorate, use of perchlorate in industry or the application of perchlorate 
containing fertilizers on small acreages. Nonpoint or distributed sources could result from the 
application of perchlorate containing fertilizers over large acreages. In the subsurface, 
perchlorate behaves as a conservative tracer because it resides entirely in the aqueous phase. It 
does not bind to mineral matter because of its negative charge. As a result, the center of mass of 
a perchlorate plume travels at the mean velocity of groundwater. In a fractured aquifer that is 
being pumped, this may lead to rapid spreading of perchlorate contamination due to the high 
groundwater velocities. 
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Perchlorate can be broken down microbially through reductive dechlorination; however this is 
not expected to occur in aquifers because of the typically high redox potential of groundwater. 
Therefore, perchlorate in a groundwater system can only be removed by natural discharge or by 
groundwater extraction, providing a continuing source does not exist. 

During a survey of approximately 3,600 public water systems located across the United States, 
perchlorate was detected above 4 ppb in about 2% of drinking water samples and in about 4% of 
water supply systems (Agency for Toxic Substances and Disease Registry 2005). Perchlorates 
have also been found in food. The U.S. Food and Drug Administration (FDA) analyzed 104 
milk samples and determined that perchlorate ranged from 3.16 to 11.3 ppb, with perchlorate not 
quantifiable in three samples. The mean was 5.76 ppb for the 104 samples (FDA 2004, 2-3). 
The FDA also collected and analyzed 128 lettuce samples and determined that perchlorate was 
present in lettuce (FDA 2004, 3) as outlined in the following table: 

Table 3: FDA Perchlorate Analytical Results for Lettuce 

Lettuce Type Range of Perchlorate Results Mean 
Iceberg Nondetect to 71.6 ppb 7.76 ppb 
Green Leaf 1.00 to 27.4 F~pb 10.7 ppb 
Red Leaf Nondetect to 52.0 ppb 11.6 ppb 
Romaine Nondetect to 129 ppb 11.9 ppb 

In November 2005 and October 2006, EPA collected potable well water samples from a total of 
40 residences. Of the 40 sample locations, 15 samples were collected in Saddle River, 24 were 
collected in Upper Saddle River and one was collected in Woodcliff Lake. The sample results 
for Saddle River ranged from non-detect to 44 Ilg/L. The sample results for Upper Saddle River 
ranged from non-detect to 91 Ilg/L. The only result in Woodcliff Lake was reported at 95 /-lg/L. 
Nine sample locations had results exceeding EPA's DWEL of24.5 /-lg!L. 

To date, over 150 residential wells surrounding Municipal Well 10 have been sampled in total by 
local, State and Federal agencies. Perchlorate was found above the detection limit in wells over 
two miles west of Municipal Well 10. Most of the wells sampled are located west of the Garden 
State Parkway. Of the wells sampled, approximately 75% had a perchlorate concentration that 
exceeded the method detection limit with concentrations up to 110 /-lg!L. Sampling of private 
residential wells in the area has shown relatively wide scale perchlorate groundwater 
contamination of the semiconfined bedrock aquifer. Thirteen residential wells had a perchlorate 
concentration exceeding EPA's DWEL of24.5 /-lg/L. Of the thirteen residential wells exceeding 
24.5 /-lg/L, NJDEP installed pilot treatment systems at two of these residences, one residence was 
sampled by EPA in October 2006 and the subsequent analytical results indicated the perchlorate 
concentration was less than 24.5 Ilg/L and one resident would not allow EPA to sample their 
well. 
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Perchlorate is the contaminant of concern in groundwater at the Site. It is clearly a "pollutant or 
contaminant" within the meaning of that term as used in CERCLA. There have been historical 
releases of perchlorate into groundwater underlying the Site. There are also ongoing releases 
and threatened releases of perchlorate by, among other routes, its migration through the 
groundwater and its extraction and subsequent use in potable water supplies drawn from certain 
wells located at the Site. 

5. NPL status 

The Site is not on the NPL. 

6. Maps, pictures and other graphic representations 

Please refer to Attachment 1, Figure 1 for the Site location map. 

B. Other Actions to Date 

1. Previous actions 

EP A has conducted sampling and analysis of residential well water in the affected area as 
previously described in this document. 

2. Current actions 

Other than the actions described in this document, no other current investigatory or response 
actions are being conducted at the Site by any public or private parties. 

C. State and Local Authorities' Role 

1. State and local actions to date 

A local health department has conducted some minimal sampling of residential wells as 
described in this document. To a larger extent, NJDEP has also conducted sampling and analysis 
in the affected area as previously described in this document. 

NJDEP has developed a pilot residential water treatment system to remove perchlorate from 
potable water. The perchlorate treatment system uses an ion exchange technology to remove 
perchlorate from the water. The water is pumped through a vessel containing an anion exchange 
resin. The perchlorate is attracted to and captured at the surfaces of the individual resin particles. 
One ion of sodium is released from the surface of the resin for each ion of perchlorate captured 
by the resin. The resin bed is operated until it becomes saturated with perchlorate, after which 
time the resin must be removed for disposal. The bed is then regenerated with new resin. 
NJDEP has installed a tull scale treatment system in two affected residential homes. NJDEP will 
continue to sample the treated water at these residences to monitor the effectiveness of these 
systems. 
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2. Potential for continued State/local response 

The local health departments do not have the resources to conduct a comprehensive sampling 
program for perchlorate in groundwater, or to install POET systems. 

On April 2, 2007, NJDEP listed perchlorate as a hazardous substance under the New Jersey Spill 
Compensation and Control Act (Spill Act) and promulgated an Interim Ground Water Quality 
Criteria for perchlorate of 5 ppb. Although, NJDEP currently has a mechanism to respond to 
perchlorate contamination at the Site, they have requested that EPA respond to those residences 
with concentrations of perchlorate exceeding EPA's DWEL of24.5 flglL. 

III. THREAT TO PUBLIC HEALTH, OR WELFARE, OR THE ENVIRONMENT, 
AND STATUTORY AND REGULATORY AUTHORITIES 

Perchlorate is the contaminant of concern in groundwater at the Site. It is clearly a "pollutant or 
contaminant" within the meaning of that term as defined in Section 101(33) ofCERCLA. which 
states as follows: "The term "pollutant or contaminant" shall include, but not be limited to, any 
element, substance, compound, or mixture, including disease-causing agents, which after release 
into the environment and upon exposure, ingestion, inhalation, or assimilation into any organism, 
either directly from the environment or indirectly by ingestion through food chains, will or may 
reasonably be anticipated to cause death, disease, behavioral abnormalities, cancer, genetic 
mutation, physiological malfunctions (including malfunctions in reproduction) or physical 
deformations, in such organisms or their offspring; except that the term "pollutant or 
contaminant" shall not include petroleum .... " 

Section 1 04(a) (1) of CERCLA states as follows: "Whenever (A) any hazardous substance is 
released or there is a substantial threat of such a release into the environment, or (B) there is a 
release or substantial threat of release into the environment of any pollutant or contaminant 
which may present an imminent and substantial danger to the public health or welfare, the 
President is authorized to act, consistent with the national contingency plan, to remove or arrange 
for the removal of, and provide for remedial action relating to such hazardous substance, 
pollutant, or contaminant at any time (including its removal from any contaminated natural 
resource), or take any other response measure consistent with the national contingency plan 
which the President deems necessary to protect the public health or welfare or the environment. 

There have been historical releases of perchlorate into groundwater at the Site. There have also 
been and there continues to be ongoing releases and threatened releases of perchlorate as 
evidenced by its migration through the groundwater and its extraction and subsequent use, 
includingpossible ingestion, in potable water supplies drawn from certain wells located at the 
Site. 

EP A is authorized to fund and implement the removal action described in this Action 
Memorandum pursuant to the statutory authority noted above. 
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A. Threats to Public Health or Welfare 

In conducting an RSE, EPA documented the release of perchlorate to the groundwater at the Site. 
This Site poses a threat to human health or the environment due to potential exposure of affected 
residents to perchlorate in the groundwater at the Site. 

The conditions at the Site continue to meet the criteria for a CERCLA removal action as 
described in the NCP, at 40 CFR 300.41S(b )(2). The following criteria are directly applicable to 
the threats which exist at the Site: 

(i) Actual or potential exposure to nearby human populations, animals, or the food 
chain from hazardous substances, or pollutants, or contaminants; 

At the request of EPA's Removal Action Branch, the Agency for Toxic Substances and Disease 
Registry (ATSDR) drafted a Record of Activity (ROA), dated June 20, 2006, to provide a health 
guidance value that can be used to evaluate potential human exposure to perchlorate present in 
the groundwater at the Site. This ROA is included as Attachment D. The ROA states that 
inhibition of iodide uptake by the thyroid in humans, which is the key biochemical event in 
perchlorate toxicity, should be used as the basis of the risk assessment. Inhibition of iodide 
uptake is a reliable and valid measure; it has been unequivocally demonstrated in humans 
exposed to perchlorate, and it is the key event that precedes all thyroid-mediated effects of 
perchlorate exposure. The NRC concluded that the first adverse effect in the continuum of 
perchlorate effects would be hypothyroidism. The ROA also states that the development of 
thyroid tumors, as an ultimate result of perchlorate-caused inhibition of thyroid iodide uptake, is 
unlikely in humans. Using a toxicity value of 0.0007 mg/kg and assuming a 70 kg adult drinking 
two liters of water per day, ATSDR calculated a perchlorate concentration of 24.5 /-lgiL as a level 
that should be protective of all residents, including the most sensitive populations (i.e. pregnant 
mother and their developing fetus, as well as other sensitive populations). In proposing the 
24.5 /-lg/L value, ATSDR assumed that those drinking perchlorate contaminated water from the 
Site did not receive any other exposures to perchlorate. If EPA identifies any other sources of 
exposure at the Site, such as milk or crops (e.g. lettuce) irrigated with perchlorate-contaminated 
groundwater, the proposed value may not be protective of health and will need to be reevaluated. 

Perchlorates can enter the body by swallowing food or water containing them. Since they easily 
dissolve in water, they quickly pass through the stomach and intestines and enter the 
bloodstream. If dust or droplets of perchlorate are inhaled, it can pass through the lungs and 
enter the bloodstream. Perchlorates probably do not enter the body directly through the skin, but 
if present on your hands, hand-to-mouth activity could contribute to oral exposure. 

The blood stream carries perchlorate to all parts of the body. Perchlorate is not changed inside 
the body. A few internal organs (for example, the thyroid and salivary glands) can take up 
relati vely large amounts of perchlorate out of the bloodstream. Perchlorate leaves these organs 
in a few hours. Perchlorate has also been found in breast milk. 
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When perchlorates are swallowed, a small percentage is eliminated in the feces. More than 90% 
of perchlorate taken in by the mouth enters the bloodstream. In the blood, perchlorate passes 
into the kidneys, which then releases it into the urine. The body begins to clear itself of 
perchlorate through the kidneys within 10 minutes of exposure. Most of the perchlorate that is 
taken in is eliminated in the first day. 

Methods to measure perchlorate in the body are not routinely available, but perchlorate can be 
measured in the urine. Because perchlorate leaves the body fairly rapidly, perchlorate in the 
urine can only indicate very recent exposure. Levels of thyroid hormones in the blood can be 
monitored. 

The main target organ for perchlorate toxicity in humans is the thyroid gland. Perchlorate 
partially inhibits the thyroid's uptake of iodine. Iodine is required as a building block for the 
synthesis of thyroid hormones. Thyroid hormones regulate certain body functions after they are 
released into the blood. People exposed to excessive amounts of perchlorate for a long time may 
develop a low level of thyroid activity. The medical name for this condition is hypothyroidism. 
Hypothyroidism can also be caused by conditions totally unrelated to perchlorates. In 
hypothyroidism, the lower amounts of thyroid hormones in the blood cause increases in pituitary 
hormones that can lead to a large increase in the size of the thyroid gland. The medical name for 
this condition is goiter. Because thyroid hormones perform important functions throughout the 
body, many normal body activities also are affected by the low hormone levels. 

The thyroid gland is also the main target organ for perchlorate toxicity in animals. The thyroid 
changes caused by perchlorate in animals may lead to tumors in the thyroid after a long period. 
This has occurred after administering very high amounts of perchlorate to the animals. NAS 
concluded that based on the understanding of the biology of human and rodent thyroid tumors, it 
is unlikely that perchlorate poses a risk of thyroid cancer in humans. Perchlorates have not been 
classified for carcinogenic effects by the Department of Health and Human Services, the EPA or 
the International Agency for Research on Cancer. 

Children and developing fetuses may be more likely to be affected by perchlorate than adults 
because thyroid hormones are essential for normal growth and development. Animal studies 
have shown a low level of thyroid activity in developing animals exposed to perchlorates through 
the placenta before birth or through the mother's milk after birth. One of these studies found 
thyroid effects in the young animals even when the mothers did not seem to have any effects. 
However, in this study, the pregnant animals were given amounts of perchlorate thousands of 
times higher than the amounts that people get from contaminated drinking water in the United 
States. Recent studies in which pregnant rats were given much lower amounts of perchlorate 
have confirmed that perchlorates can alter the thyroid gland in the new born animals. This has 
generally occurred when perchlorate also affected the thyroid of the mothers (ATSDR 2005). 

13 
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Perchlorate exists in the groundwater and in water extracted from many wells used for potable 
water supplies at the Site. The level of perchlorate at 13 wells used for potable supplies 
exceeded the EPA DWEL of24.5 ugiL. Ingestion of water from these wells (and possibly other 
exposure routes) presents a clear pathway through which individuals may be exposed to 
perchlorate and may be adversely impacted as described above. 

(ii) Actual or potential contamination of drinking water supplies or sensitive 
ecosystems; and 

There has been and continues to be a release of perchlorate in and through the groundwater at the 
Site. EPA's well water sampling results, in addition to results from other agencies, has 
demonstrated a pervasive presence of perchlorate in groundwater in the semiconfined bedrock 
aquifer. EPA's recent sampling results indicate that perchlorate has impacted the drinking water 
of at least nine residences above EPA's DWEL of24.5 /lg/L. 

(vii) The availability of other appropriate federal or State response mechanisms to 
respond to the release. 

On April 2, 2007, NJDEP listed perchlorate as a hazardous substance under the Spill Act and 
promulgated an Interim Ground Water Quality Criteria for perchlorate of 5 ppb. NJDEP is also 
reportedly developing a maximum contaminant level (MCL) which they will promulgate after its 
review and concurrence process is completed. NJDEP has issued letters to the public indicating 
that they anticipate the perchlorate MCL will be 5 ppb. This level assumes that in addition to 
being exposed to perchlorate through the consumption of drinking water, people are also exposed 
through the consumption of other sources such as milk or crops. Although, NJDEP currently has 
a mechanism to respond to perchlorate contamination at the Site, they have requested that EPA 
respond to those residences with concentrations of perchlorate exceeding EPA's DWEL of24.5 
/lg/L. 

No other Federal or State response mechanism is available to respond to the significant threat 
which the Site presents. 

B. Threats to the Environment 

Analytical sample results have confirmed groundwater contamination at the Site caused by 
perchlorate which indicates that there has been a release to the environment. This contamination 
will continue to migrate in the groundwater and may be discharged to the surface water thereby 
potentially impacting ponds and wetland areas located in the vicinity of the Site. Elevated levels 
of perchlorate may potentially impact wildlife at the Site. 

14 
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IV. ENDANGERMENT DETERMINATION 

There has been and there continues to be a release or substantial threat of release into the 
environment of a pollutant or contaminant which may present an imminent and substantial 
danger to the public health or welfare. The actual or threatened releases of that pollutant or 
contaminant at the Site, if not addressed by implementing the response action described in this 
Action Memorandum, may present an imminent and substantial endangerment to public health, 
or welfare, or the environment. 

V. PROPOSED ACTIONS AND ESTIMATED COSTS 

A. Proposed Actions 

1. Proposed action description 

To mitigate the threats posed by this Site, EPA will install POET systems in the nine residences 
where EPA documented perchlorate levels exceeding EPA's 24.5 flg/L guidance value. The 
POET systems consist of two vessels, or more if determined to be necessary, of resin (installed in 
series) to remove the perchlorate ion; a series of valves to isolate various portions of the system 
and taps to collect samples from different stages of the system, and a means for backwashing the 
resin canisters. Routine monitoring and maintenance is necessary to ensure proper system 
operation and perchlorate removal. Perchlorate removal efficiency will be monitored through a 
scaled sampling program. Treated well water will be sampled at system startup to ensure the 
system is working appropriately, at six months as an interim check and subsequently one year 
after system startup. Resin canisters will be switched out as necessary for proper system 
operation, although it is anticipated· that the resin canisters will have an operational life of at least 
five years. A contingency is included for non-routine maintenance and emergency service of 
treatment systems. For budgeting purposes, maintenance and monitoring is planned for one year. 

The proposed action described herein includes the provision for installation of POET systems at 
additional homes that are identified with well water perchlorate contamination above the 
guidance value. 

2. Contribution to remedial performance 

The removal action at the Site is consistent with the requirement of Section 104(a)(2) of 
CERCLA, which states, "any Removal Action undertaken ... should ... to the extent practicable, 
contribute to the efficient performance of any long-term remedial action with respect to the 
release or the threatened release concerned." The investigations implemented to date, as well as 
the removal action proposed in this memorandum are consistent with any future remedial action. 

15 
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3. Description of alternative technologies 

As this action is a time-critical removal, the consideration of alternative technologies will be 
explored to the extent practicable. Connection of affected residences to a public water system is 
not a viable option since there are no water mains within a reasonable distance. 

Various treatment technologies to remove perchlorate from groundwater and surface water are in 
use or under review. Biological treatment and ion exchange systems are among the technologies 
currently in use. Biological treatment uses microbes to destroy perchlorate by converting the 
perchlorate ion to nontoxic ions (oxygen and chlorine). These systems are physically large, slow 
working, require high maintenance and are not suitable for residential potable water treatment. 

Resin ion exchange systems will provide the population at risk with what is currently the best 
protection from perchlorate contaminated groundwater. Ion exchange systems are reliable, and 
easily maintained and operated. This equipment is readily available and was proven by NJDEP 
to be cost-effective for the treatment of residential water supplies. Given the proven reliability 
and cost-effectiveness of the ion exchange POET systems, and the time-critical nature of this 
response; other alternative or innovative technologies are not being evaluated. 

4. EE/CA 

Due to the time critical nature of this removal action, an EE/CA will not be prepared. 

5. Applicable or relevant and appropriate requirements (ARARs) 

Under Section 300.415(i) of the NCP, fund financed removal actions shall, to the extent 
practicable, attain applicable or relevant and appropriate requirements (ARARs). Chapter 6A of 
the Safe Drinking Water Act, 42 U.S.C.A. §§30Of et seq., and regulations promulgated thereto 
are ARARs for this removal action. Under Section 300.400(g)(3) ofthe NCP, EPA may also, as 
appropriate, identify other criteria or guidance (such as the EPA DWEL for perchlorate 
described above), to be considered for a particular release. Such other criteria or guidance may 
.be considered by EPA in formulation of a removal action. (See Superfund Removal Procedures, 
p.3, EPA540/P-911011 (August 1991)). 

6. Project schedule 

Field activities can be implemented immediately upon approval of this memorandum. 
Completion of the proposed activities can be achieved within six months of the effective start 
date. 

16 
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B. Estimated Costs 

A summary of the funding requested in this memorandum is presented below. 

Extramural Costs 

Regional Removal Allowance Costs: 

Funding Requested in this Action 
Memorandum 

Total Cleanup Contractor Cost (including $137,797 
Contingency) 

RST, Extramural Costs $ 6,080 

TOTAL, REMOV AL ACTION PROJECT $143,877 
CEILING 

VII. EXPECTED CHANGE IN THE SITUATION SHOULD ACTION BE DELAYED 
OR NOT TAKEN 

Delayed action or no action will result in the continued exposure of residents to perchlorate in 
their drinking water. This poses an immediate health threat to the affected residents at the Site. 

VIII. OUTST ANDING POLICY ISSUES 

There are no outstanding policy issues. 

17 
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IX. ENFORCEMENT 

There are currently no verified sources from which perchlorate migrated into groundwater at the 
Site nor have any potentially responsible parties been discovered or notified to date. 

Potential sources of perchlorate include the following: 

1. one or more businesses which currently operate or which operated in the past at and in 
the vicinity of the Site which may have handled agricultural fertilizers containing 
perchlorate or perchlorate salts; 

2. farms, other agricultural operations, or some other legacy non-point source(s) which 
applied large quantities of fertilizers in the past at or in the vicinity of the Site; and 

3. other industrial operations which may have used perchlorate in the past at or upgradient 
from the Site. 

Additional work is required to identify the specific sources of perchlorate which may have 
contributed to the levels of perchlorate found in groundwater at the Site. 

The following chart estimates the costs which EPA believes are eligible for cost recovery as part 
of this response action. 

Cost Type Funding Requested in this Action 
Memorandum 

Direct Extramural Costs $143,877 

Direct Intramural Costs $ 23,000 

Subtotal, Direct Costs $166,877 

Indirect Costs (Regional Indirect Cost Rate $ 47,026 
28.18% 

Estimated EPA Costs Eligible for Cost $213,903 
Recovery 

X. RECOMMENDATION 

This decision document represents the selected removal action for the Bergen Perchlorate Ion 
Site, located in Saddle River Borough, Upper Saddle River Borough, Park Ridge Borough and 
Woodcliff Lake Borough, Bergen County, New Jersey. This document was developed in 
accordance with CERCLA, as amended, and is not inconsistent with the NCP. This decision is 
based on the Administrative Record for the Site. 

18 
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Conditions at the Site meet the NCP section 300.415(b)(2) criteria for a removal action. I 
recommend your formal approval of this Action Memorandum. The total funding requested in 
this memorandum is $143,877, of which $137,797 is from the Regional removal advice of 
allowance for mitigation contracting. 

Please indicate your authorization for the planned removal action at the Bergen Perchlorate Ion 
Site, as per current Delegation of Authority, by signing below. 

-. 
, ';, 71 ' / F

f
'') 

APPROVAL: , ( /J .L(~~ /JU-( ,d&.--<- DATE: _--'--___ --'-_ 
(George Pavloli, Director 
, Emergency and Remedial Response Division 

DISAPPROV AL: DATE: _____ _ 
George Pavlou, Director 
Emergency and Remedial Response Division 

cc: (after approval is obtained) 
G. Pavlou, ERRD-D 
W. McCabe, ERRD-DD 
R. Basso, ERRD 
J. Rotola, ERRD-RAB 
G. Zachos, ACSM/O 
C. Peterson, ERRD-NJRB 
D. Karlen, ORC-NJSFB 
J. Fajardo, ORC-NJSFB 
P. Brandt, PAD 
R. Manna, OPM-FMB 
T. Riverso, OPM-GCMB 
T. Grier, 5202G 
P. McKechnie, OIG 
M. Pederson, NJDEP 
L. Rosman, NOAA 
A. Raddant. USDOI 
C. Kelley, RST 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

-4( PHl)'-

January 26, 2006 

MEMORANDUM 

SUBJECT: Assessment Guidance for Perchlorate 

~a-P~G~ 
FROM: Susan Parker Bodine 

Assistant Administrator 

TO: Regional Administrators 

OFFICE OF 
SOlD WASTE ~ Et.ERGENCY 

RESPONSe 

This guidance replaces previous Office of Solid Waste and Emergency Response 
(OSWER) guidance and the accompanying questions and answers (referenced below) regarding 
perchlorate under the National Oil and Hazardous Substances Contingency Plan (National 
Contingency Plan, NCP), 40 CFR Part 300. As explained below, following the National 
Academy of Sciences' National Research Council (NRC) review, EPA adopted a reference dose 
(RID) for perchlorate of 0.0007 miIligramlkilogram-day (mglkg-day), and this guidance applies 
that to EPA's CERCLA program. This RID leads to a Drinking Water Equivalent Level 
(DWEL) of24.5 microgramslliter (ugIL) or 24.5 parts per billion (Ppb). 

Previous guidance on this topic included the 2003 guidance entitled "Status of EPA's 
Interim Assessment Guidance for Perchlorate," and the accompanying questions and answers, as 
well as the 1999 "Interim Assessment Guidance for Perchlorate.· Those past guidances endorsed 
use of the provisional RID range, 0.0001 to 0.0005 mglkg-day, until the final health risk 
benchmark was established. They went on to use the standard default body weight (70 kg. 
approximately 154 pounds) and water consumption level (2 liters/day [Uday]) to calculate a 
DWEL of 4-18 ppb that was used as a recommended screening leveL 

Several agencies, including EPA, asked the NRC to review perchlorate toxicity. NRC's 
January 2005 final report, "Health Implications of Perchlorate Ingestion,· recommended an RID 
of 0.0007 mglkg-day. Based on the NRC report and their recommended RID, the EPA 
Integrated Risk Information System (IRIS) perchlorate RID is now 0.0007 mglkg-day. This 
IRIS RID is now a value "to be considered" (rnC) in accordance with section 300.400(g)(3) of 
the NCP. As suggested by the NCP's preamble (55 Fed. Reg. 8745 (1990», and subsequent 
guidance (OSWER Directive 9285.7-53 (2003», use of the RID in EPA's IRIS is preferred and 
consistent with the NCP's intent. EPA has determined that the RID recommended by NRC and 
adopted by EPA represents the best available science regarding the toxicity of perchlorate. 
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Consequently, this IRIS RID of 0.0007 mglkg-day is now the appropriate value for use by risk 
assessors and project managers. 

This RID leads to a DWEL of24.5 ppb. EPA calculates the DWEL using the RID, 
multiplied by an adult body weight of 70 kg, and divided by a conservative tap water 
consumption value of 2 Uday. 

The National Contingency Plan (40 CFR 300.430(e)(2)(i)(A)(l» provides that when 
establishing acceptable exposure levels for use as remediation goals, consideration must be given 
to concentration levels to which the human population, including sensitive subgroups, may be 
exposed without adverse effects over a lifetime or part of a lifetime, incorporating an adequate 
margin of safety. The RID for perchlorate, on which the acceptable exposure level would be 
based, is a conservative public health-protective value derived using an uncertainty factor to 
ensure protection of the most sensitive population. Specifically, because the RID includes a full 
ten-fold intraspecies uncertainty factor to protect the most sensitive population, the fetuses of 
pregnant women who might have hypothyroidism or iodide deficiency, it is also protective of 
other sensitive popUlations such as neonates and developing children. As noted in the IRIS 
summary for perchlorate, an uncertainty factor often was viewed by the NRC as conservative 
and health-protective, particularly because the RID is based on a non-adverse effect that would 
precede any adverse effect resulting from perchlorate exposure. (For a more detailed discussion 
of EPA's basis for adopting NRC's recommended RID for perchlorate, see EPA's IRIS summary 
for perchlorate at http://www.epa.gov/iris/substll007.htm.). In addition, the Agency's practice 
of using the RID to calculate a DWEL for perchlorate using a 70 kg body weight and a water 
consumption value of 2 Uday is further supported in this instance by the fact that the standard 
weight and consumption values also represent weight and consumption values relevant for 
protecting the most sensitive population. 

The NCP calls for development of preliminary remediation goals based on readily 
available infonnation. 40 CFR 300.430(e)(2)(i). Typically, preliminary remediation goals are 
specific statements of desired endpoint concentrations or risk levels (55 Fed. Reg. 8713 (March 
8, 1990» that are conservative, default endpoint concentrations used in screening and initial 
development of remedial alternatives before consideration of information from the site-specific 
risk assessment. Frequently, the determining values are those requirements that are applicable or 
relevant and appropriate (ARAR) requirements under federal environmental or state 
environmental or facility siting laws, although ARAR.s may be waived. Where (as with 
perchlorate) no federal or state ARARs have been promulgated, preliminary remediation goals 
may as appropriate be developed based on ''to be considered" (TBC)values (40 CFR 
300.400(g)(3). The RID and its corresponding DWEL of 24.5 ppb are respectively the 
recommended TBC value and preliminary remediation goal for perchlorate. 

The NCP provides that "preliminary remediation goals should be modified, as necessary, 
as more information becomes available during the RlIFS" (remedial investigation / feasibility 
study). (40 CFR 300.430(e)(2)(i)). RIs at sites with perchlorate contamination should be 
conducted with the same approach as RIs at all other sites, assessing factors such as physical 
characteristics of the site; characteristics or classifications of sir, surface water, and groundwater; 
general characteristics of the waste; the extent to which the source can be adequately identified 
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and characterized; actual and potential exposure pathways through environmental media; actual 
and potential exposure routes; and other factors, as set out in 40 CFR 300.430(d). For example, 
the RI may indicate that individuals at a site may be exposed to perchlorate through multiple 
pathways. In such cases, contribution from non-water sources should be considered based on 
site-specific data until further national guidance on relative sourc~ contribution is developed. 
The Regions should consult applicable guidance, such as "Risk Assessment Guidance for 
Superfund: Volume L Part A" (EPN540/1-89/002, Dec. 1989) at pp. 8-15; and "Risk 
Assessment Guidance for Superfund: Volume I, Part Bn (EPN5401R-92/003, Pub. 9285.7-01a, 
Dec. 1991) at p. 20. If you have questions on the application of this guidance contact the 
Science Policy Branch ofOSWER's Office of Superfund Remediation and Technology 
Innovation. 

Final remediation goals and remedy decisions are made in accordance with 40 CFR 
300.430(e) and (f) and associated provisions. 
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U~ITED STATES ENVIROl'l~lE~T.\L PROTECTION .\GE~CY 
E~VrRON~ENT,\L RESPONSE TEA:\1 - "VEST 
~no S Maryland Parkway, Building D - Suite 800 

LAS VEGAS, :\,EV ADA 89119 

Wemorandum 
~ubject: ,\ Review of the Bergen Perchlorate [on Site Data 

Date: 7/2012006 
To: Thomas Budroe, Onscene Chmlillator, liS EPA Region 2 I 

f7rorn: TerrelJce Johnson. Ph.D., Hydrologist, (;S EPNERT'.7·-'/ . 
'/ 

. , 

-/ 

TIle tt1Uowing is a summary review l)f data pt:rtinent to [he Bergen County, New Jersey 
perchlorate ion groundwater l.'ontamination. Data review includes regional 
hydrogeologic data. generic data on the fate of the perchlorate iOll in soil and 
groundwater and sampling data specific to the site. 

Background and Ohjective 
The Bergen Perchlorate fon Site includes the towns of Saddle River, Cpper Saddle River. 
P,lrk Ridge ~Uld Wl)()ddiff L.lke, :\1. TIle P:lrk Ridge Water C"\;n1pany ('['trates 17 'I ells 
that '>Crve communities in Park Ridge and Woodcliff Like. III 2004. elevated 
concentrations of perchlorate ion in puhlic well \vater (UP to 23 mil..Togrrull'V'liter (!lg/L)) 
led tl> the removal from service of one munidpal well (Municipal Well to) and the 
reduced usage of another municipal well in the Town of Woodcliff Lake. Subsequent 
sampling of private residential wells in the area has shown a relatively wide scale 
perchlorate ion groundwater contamination of the semicontined hedrock aquifer. 

-nre Bel Fiore ~ursery, located east of the Garden-State Parkway and :.llljacent to 
Municipal Wen to in Woodcliff Lake, was identified as a probable source of tire 
contamination. Analysis of solid fertilizer samples collected at the nursery demonstrated 
perchlorate ion concentration in excess of 500 milligrams/kilogram (mg/kg). TI1e 
ohjective of this review is to determine, based on the available data, tIre likelihood that 
tire Bel Fiore ~ ursery is the only source of the contamination or if other contrihutors nre 
likely. 

Re!!ional Hvdrl1l!eology 
The cOIltaminant has impacted the <;emicontined heuro\:k :.lquifer \\ ithill the Bnmswick 
Fonnation of the ~ewark Group. TIle Brunswick tlmnation is composed I)f llIudstone. 
<;iltstone :lIld sandstone. ;.tIld is a major resource of rorable W:lter for much of Bem:en 
C\)unty. 

The ~e\\ark Group generally strikes north-IH.mheast and uips t() the west-!l(lnhwtst at to 
Jegrees in this area. [n the Brunswick Fnnnation. groundwater is "t\lred and rransmitted 
through a senes l)f illtercollllected joints, tractures and solutions channels cnllectivclv 

- 0 

rL'ferreu ttl JS secondary porosity. TIlis <;econdary ron)";ity decreases with derth. ,\s a 
result, only the urper 200 to 500 fed of the BIl.II1:'W ick is considered an aquifer. 
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Groundwatt:r tlow tends to he anisotropic with a principal direction of tlow parallel to 
\trike. Groundwater tlow \elocities in fractured rock aquifers are generally much higher 
thml ill uncollStllidated aquifers; and high) ie/ding wells can draw groundwater from 
distances much fUl1her (up to several miles) [ban similar \vells in unconsolidated 

fnnllatiolls. 

Perchlorate Ion Environmental Fate 
The perchlorate ion is generally released to the environment as u\\:ater soluhle <;ait. Point 
::ource releases to the enviromnent are comm.H1ly linked to the manufacture, testing or 
disposal of so lid rocket prupel1allt, the manufacturing of perchlorate, use of perchlorate in 
industry or the application of a perchlorate containing tertilizers on small acreages . 
.\ionpoint or distrihuted sources could result from the application of perchlorate 
containing tertilizers over large acreages. 

In the suhsurfoce, the perchlorate ionl:x::haves as a conservative tracer because it resides 
entirely in the aqueous phase. It does not hind to minenll matter hecause of its negative 
churge. As a result. the center of mass of a perchlorate ion plume travels at the mean 
velocity of groundwater. In a fractured a4uifer that is heing pumped. this Illay le::tt..l to 
rapid spreading of perchlorate contUlnination due to the high ground water vekxities. 

[he perchlorate inn can be hroken down microbially through reductive dechk)rinution: 
however, this is not npected to occur in Jquifers hecause of the typically high redox 
potentialnf groundwater. Therefore. perchlorate in a groundwater system can only he 
removed hy natural discharge or by groundwater extraction prOViding a continuing source 
does not e.'{ist. 

Residential Well Soil and Groundwater Smnpling 
To date. over l50 residential wells surrounding Municipal Well to have heen sampled. 
Pen:hlorate ion was found ahove the detection limit in wells over t\VO miles west of 
Vrunicipal Well to. Most of the wells sampled are located west of the Garden State 
Parkway. Of the wells sampled. approximately 75% had a perchlorate (.:oncentration that 
exceeded the method detection limit with concentrations up to 110 ~lglL_ Ten residential 
\vells had a perchlorate concentration exceeding the EPA's Drinking Water Equivalent 
Level (DWELl of 24.5 !1g/L 

,\ consultant to the Borough of Park Ridge c(mducted soil and groundwater sampling in 
rhe ~hallow unconsolidated a4uifer on the Bel Fiore ~ur~ry propeny. Direct rush WelS 

used to install ttJur temfX1rary l\lI.mitoring v,:ells. ,\ soil and a groundwater :;,nnple were 
collected from each wellincatioll. TIle analytical results indicated that perchlorate in 
groundwater was less than or e4ual to L3 ~g/L which is ~ignificantly helow 
concentrations ttlUnd in the Inc:.lI \'v'el1s. The perchlor~lte concentnuioll in the suil <;amples 
were all below rhe lllethod detection limit. 

Potential ')( )urce E \ aIliation 
For the Bel Fi()re :'\ursery t() he a 'lignific:.Hlt active source colltrihutnr, c'vidence of 
cnntam.illation must be present in the path\vay \"hidl is through tbe \l\trhurden inro tile 
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hedrock. It is improbable that the Bel Fiore N'ufStry is a significant :l(.iive contrihutor to 
the bedrock aquifer contamination due to the low kvels of perchlorate in the groundwater 
of the shallow overburden aquifer and the fact that it was not detl-'Cted in the soil hencath 
tbe pmpe11y. If Bel Fiore \iurSt'ry wa.;; the only source of c\lI1taminmion then pt:rchlorme 
levels in the overburden groundwater at this location would he expected tl.) he much 
higher than in the residential wells, which was not the case. 

Other potential fertilizer sources include the tonner Tice Farm and fonner Van Riper 
openuions. TIle Tice Farm was located west of the Garden State Parkway in the area of 
the lughest perchlorate gmundwater concentrations. 

£t should also be noted that much of the current Bergen County's residential areas were 
apple orchards until the early 19608, and the perchlorate ion contamination could he a 
plume from a distributed legacy source due to rustorical tertilizer applications. Due to 
the nature of the c'"()Iltaminant and the bedrock aquifer properties, distant military 
installations or industries that used perchlorate may he responsible contributors to the 
plume. 

Conclusion 
Rlsed on the availahle Jata it appears Ilnlikely that the Bel Fipre "ur~ry is the ('l1ly 
~lHltrihutor or even a significant contributor to the perchlorate ion contamination I)f the 
hedrock aquiter in the ~uhject area of Bergen County. Other potential tertilizer sources 
include tIle ttHTIler Tice Farm. and the t<)fID:r Van Riper agricultural operations, or some 
other legacy nonpoint source from hi~toricaily applied fertilizer. Ba"Cd on the 
cOIL"Crvative properties of perchlorate and the high ground water ve locities in fractured 
rock aquiter, distant agricultural or nonagricultural sources may also be contributors. 
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I-EPA 

ATSDR Record of Activity 

UID #:Date: June /~/ 2005 Time: 9:00 am pm X 

Site Name: Woodcliff City: Woodcliff Cnty: Bergen State: NJ 

CERCLIS #: Cost Recovery #: 
Site Status (1) NPL Non-NPL RCRA 
specific 
Other X 

Federal (2) Emergency Response 

Region:Q 
Non-Site 
Remedial 

Incoming Call 
Outgoing Call 

Conference Call 
Training 

Activities 
Public Meeting' 
Other Meeting 

Data Review 
Incoming Mail 

Health Consult' 
Health Referral 

x Written Response 
Other 

Site Visit' 
Info Provided 

Requestor and Affiliation: (1) Thomas Budroe EPA OSC REG II 
Phone: Budroe.Tnomas@epamail.epa.gov 
City: Edison State: 

Code: 

(31) Leah Escobar 
Contacts and Affiliation 
ATSDR DRO Region II 

2 - USCG 3 -OTHER FED 4-STATE ENV 

Address: 
NJ Zip 

5-STATE HLT 

6-COUNTY HLTH 7-CITY HLTH a-HOSPITAL 9-LAW ENFORCE lO-FIRE DEPT 

11- POISON CTR l2-PRIV CITZ l3-0THER l4-UNKNOWN IS-DOD 

l6-DOE 

21-INTL 

26-ARMY 

3l-ATSDR 
~.--.~-.- .. ---

l7-NOAA 

22-CITZ GROUP 

27-NAVY 

---

Health Assessment 
Petition Assessment 
Emergency Response 

x Health Consultation 

18-0THR STATE 19-0THR COUNTY 20-0THR CITY 

23-ELECT. OFF 24-PRIV. CO 2S-NEWS MEDIA 

28-AIR FORCE 29-DEF LOG AGCY 30-NRC 

Program Areas 
Health Studies Tox Info-profile Worker Hlth 
Health Survellnc Tox Info-Nonprofil Admin 
Disease Regstry Subst-Spec Resch Other 
Exposr Regstry Health Education 

Narrative Summary: The US Environmental Protection Agency 
(EPA) Region II Removal Branch has requested the Agency for 
Toxic Substances and Disease Registry (ATSDR) to provide a 
health guidance value that can be used to evaluate 
potential human exposure to perchlorate present in 
groundwater near Woodcl iff I NJ. EPA has sta ted that two 
municipal wells and an unknown number of private wells draw 
water from a perchlorate contaminated aquifer. The 
perchlorate contamination is believed to have come from 
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Chilean nitrate fertilizer that was stored at a plant 
nursery in the area. EPA is in the process of gathering 
information needed to determine the extent of the 
contaminat ion and characterize potential exposures. Well 
sampling results have not yet been provided to ATSDR. 

Because of the potential need for corrective actions under 
the their Removal Program, EPA is considering various risk 
management strategies. In order to identify appropriate 
technologies and costs associated with the various 
strategies, EPA must identify a perchlorate concentration 
in drinking water that is believed to be wi thout adverse 
health effects to humans. 

EPA has adopted a Reference Dose (RfD) of 0.0007 mg/kg per 
day (EPA, 2005). ATSDR is in the process of developing a 
Toxicological Profile for Perchlorates (ATSDR, 2005 In 
Preparation) and a Minimal Risk Level. However, the 
Toxicological Profile has not yet been finalized. The 
National Research Council (NRC) has assessed the health 
implications of perchlorate ingestion and issued a final 
report (National Research Council, 2005). In the report, 
the NRC reviewed the current state of the science regarding 
potential adverse health effects of perchlorate exposure. 
The report evaluated human clinical and epidemiological 
studies as well as the relevance of animal toxicology 
studies in predicting adverse effects in humans, especially 
sensitive populations. 

The relevant NRC conclusions and rationale supporting the 
them are presented below. 

1. Animal data should not be used as the basis for a 
perchlorate risk assessment. Inhibition of iodide uptake 
by the thyroid in humans, which is the key biochemical 
event in perchlorate toxicity, should be used as the basis 
of the risk assessment. Inhibition of iodide uptake is a 
reliable and valid measure; it has been unequivocally 
demonstrated in humans exposed to perchlorate, and it is 
the key event that precedes all thyroid~mediated effects of 
perchlorate exposure. The NRC concluded that the first 
adverse effect in the continuum of perchlorate effects 
would be hypothyroidism. Any effects that would follow and 
result from hypothyroidism clearly would be adverse. In 
their Perchlorate Risk Assessment (2002) t EPA defined 
changes in serum thyroid hormone and Thyroid Stimulating 
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Hormone (TSH) as adverse effects. The NRC did not agree 
that transient changes in serum thyroid hormone or TSH 
concentrations are necessarily adverse effects; they were 
determined to be biochemical changes that would precede 
adverse effects. The NRC acknowledged differences in their 
position with the EPA approach to developing RfDs. The NRC 
recommended using a nonadverse effect rather than an 
adverse effect, which is normally used in the RfD 
development process, as the basis for the perchlorate risk 
assessment. 

2. The study by Greer et al. (2002) is most appropriate 
study for use in a perchlorate risk assessment. In the 
study, groups of healthy men and women were administered 
perchlorate at 0.007-0.5 mg/kg per day for 14 days. The 
study identified a no-observed-effect level (NOEL) for 
inhibition of iodide uptake by the thyroid at 0.007 mg/kg 
per day. This NOEL value is consistent with other clinical 
studies that have investigated iodide uptake inhibition by 
perchlorate. This value is a health-protective and 
conservative point of departure supported by the results of 
a 6-month study of 0.007 mg/kg per day in a small group of 
healthy subjects, a 4-week study of higher doses in healthy 
subjects, studies of perchlorate treatment of patients with 
hyperthyroidism, and extensive human and animal data that 
demonstrate that there will be no progression to adverse 
effects if no inhibition of thyroid uptake occurs. 

3. The development of thyroid tumors, as an ultimate result 
of perchlorate-caused inhibition of thyroid iodide uptake, 
is unlikely in humans. Thyroid iodide uptake inhibition is 
the only effect that has consistently been documented in 
humans exposed to perchlorate. 

4. The NRC recommended a total uncertain factor of 10 to 
use as an intraspecies factor to protect the most sensitive 
population - the fetuses of pregnant women who might have 
hypothyroidism or iodide deficiency. No additional factors 
were recommended for duration or database uncertainties. 

5. The NRC recommendations would lead to a health guidance 
value of 0.0007 mg/kg per day for ingestion of perchlorate. 
This value is appropriate for chronic (>365 days) exposures 
and is the same value EPA has adopted for its RfD (EPA, 
2005) . 
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Action Required/Recommendations: 

In estimating a drinking water concentration of perchlorate 
that would be expected to be protective of public health at 
the Woodcliff Lake site, ATSDR assumed the following: 

-health guidance value of 0.0007 mg/kg 
-70 kg adult/2 liters of water consumed per day 

Using these assumptions, ATSDR has calculated a perchlorate 
concentration in drinking water of 24.5 ~g/L. 

ATSDR proposes 24.5 ~g/L as a level that should be 
protective of all residents, including the most sensitive 
populations (i.e. pregnant mothers and their developing 
fetus, as well as other sensitive populations), drinking 
perchlorate-contaminated water from the Woodcliff, NJ 
perchlorate site. These assumptions and calculations are 
consistent with positions being taken by EPA and ATSDR. 

In proposing the 24.5 ~g/L value, ATSDR assumes that those 
drinking perchlorate contaminated water from the Woodcliff, 
NJ perchlorate site receive no other exposures to 
perchlorate. If the EPA identifies any other sources of 
exposure, such as milk or crops (e.g. lettuce) irrigated 
with perchlorate-contaminated groundwater, the proposed 
value may not be protective of health and will need to be 
reevaluated. 

ATSDR intends this consultation to apply only to the 
Woodcliff, NJ perchlorate site. The proposed value is not 
intended to supercede or take the place of any Maximum 
Contaminant Levels (MCLs) or other regulatory or health 
guidance values that may be developed by EPA. ATSDR plans 
to release the Toxicological Profile for Perchlorate for 
public comment within the next few months. Finally, 
additional or new information or data pertaining to 
perchlorate toxicology or the Woodcliff Lake site may 
become available which would also require ATSDR to modify 
or update its proposed value. 

Signature: C: iJ {( ~l= ~ Date: 6lt~/r2b 
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Contacts: 
Larry F. Cseh, R.S., 
Commander, US Public 
Environmental Health 

MSA (770-488-3335) 
Health Service 
Scientist 

Emergency Response Team 
Division of Toxicology and Environmental Medicine 

Robert L. Williams, Ph.D. (770-488-3341) 
Lieutenant Commander, US Public Health Service 
Toxicologist 
Emergency Response Team 
Division of Toxicology and Environmental Medicine 

Mike Allred, Ph. D. (770 -488 -3344) 
Team Leader 
Emergency Response Team 
Division of Toxicology and Environmental Medicine 

cc: 
Artie Block 
Leah Escobar 
Ed Murray 
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Memorandum 
Subject: A Review of the Bergen Perchlorate [on Site Data 

Date: 7/2012006 

To: . Thoma~ Budroe, Onscene Coordin~t~)f,~S EPA R~~)r;:2";)yJ' '. . . 
From. Terrence Johnson, Ph.D., Hydrologist, US EPAIERT~~/£c'~ ~Jc_-----j 

if''- ,,"-

111e following is a summary review of data pertinent to the Mr~en County, New Jersey 
perchlorate ion groundwater contamination. Data review includes regional . 
hydrogeologic data, generic data on the fate of the perchlorate ion in soil and 
groundwater and sampling data specific to the site . 

.Background and Objective 
The Bergen Perchlorate Ion Site indudes the towns of Saddle River, Upper Saddle Rh'er. 
Park Ridge ,md Woodcliff Lake, NJ. TIre Park Ridge Water Company o-rerates 17 wells 
that serve communjties ill Park Ridge and Woodcliff Lake. In 2004, elevated 
concentrations of perchlorate ion in public well water (up to 23 microgranl<Vliter (FgrL» 
led to the removal from service of one municipal well (Mmlicipal Well 10) and the 
reduced usage of another municipal well in the Town of Woodcliff Lake. Subsequent 
sampling of private residential wells in the area has shown a relatively wide scale 
perchlorate ion groundwater contamination of the serniconfined bedrock aqUifer. 

The Bel Fiore Nursery, located east of the Garden State Parkway and adjacent to 
Municipal Well 10 in Woodcliff Lake, was identified as a probable source of the 
contamination. Analysis of solid fertilizer samples collected at the nursery demonstrated 
perchlorate ion concentration in excess of 500 milligramslkilogram (n1glkg). The 
bbjective of this review is to determine, based on the available data, the likelihood that 
the Bel Fiore Nursery is the only source of the contamination or if other conuihutors are 
likely. 

Regional Hydrogeology 
TI1e contaminant has impacted the semiconfined hedrock aquifer within the BrunSWIck 
Forrnation of the Newark Group. The Brunswick Formation is composed of mudstone. 
siltstone and sandstone, and is a major resource nf potable \vater for much of Rf"rnc>n 

County. 

The Group generally strikes 
area. In Bnmswick Formation, 

a serres ,)1 imerc()Ymected . 
referred to as ~;ecollJary f,orosity.TI1is 

and dips to the at 10 
is st(1red WId tr3JlSIlutted 

and solutions chanllels 
decreases \vit11 a 

result, only upper 200 to 500 the Bmns'>v[ck is cUllsidenxl::!D ~1quitt.':C 
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Groundwater now tends to be anisotropic with a principai direction of now parallel to 
strike. Groundwater now velocities in fractured rock aquifers are generally much higher 
than in unconsolidated aquifers; and high yielding wells can draw groundwater from 
distances much farther (up to several miles) than similar wells ill unconsolidated 
fOlTl1ations. 

Perchlorate Ion Environmental Fate 
The perchlorate ion is generally released to the environment as a water soluble salt. Point 
source releases to the environment are commonly linked to the manufacture, testing or 
disposal of solid rocket propellant, the i11anufacturillg of perchlorate, use of perchlorate in 
industry or the application of a perchlorate containing fertilizers on small acreages. 
Nonpoint or distributed sources could result from the appiication of perchlorate 
containing fertilizers over large acreages. 

In the subsurface, the perchlorate ion behaves as a conservative tracer because it resides 
entirely in the aqueous phase. It does not bind to mineral matter because of its negative 
charge. As a result, the center of mass of a perchlorate ion plume travels at the mean 
velocity of groundwater. In a fractured aquifer that is helng pumped, this may lead to 
rapid spreading of perchlorate contamination due to the high ground water velocities. 

The perchlorate ion can be broken down microbially through reductive dechlorination; 
however, this is not expected to occur in aquifers because of the typically high redox 
potential of groundwater. 'D1eretore, perchlorate in a groundwater system can only be 
removed by natural discharge or by groundwater extraction providLl1g a continuing source· 
does not exist. 

Residential Well, Soil and Groundwater Sampling 
To date. over 150 residential wells sun-ounding Mlmidpal \Vell 10 have been sampled. 
Perchlorate ion was found above the detection limit in wells over two nnles west of 
Municipal Well 10. Most of the wells sampled are located west of the Garden State 
Parkway. Of the wells sampled. approximately 75% had a perchlorate concentration that 
exceeded the rnethod detection limit with concentrations up to 110 p,g~L. Ten residential 
wells had a perchlorate concentration exceeding the EPA's Drinking Water Equivalent 
Level (DWEL) of 24.5 Jlg/L. 

A consultant to the Borough of Park Ridge conducted soil and grcHlndwater sampling in 
the shallow unconsolidated aquifer on the Bel Fiore Nursery property. Direct push was 
used to install four tern:porary rnonitoring wells. A soil and a grou.l1dwater sample were 
collected from each w·elliocatioll.nle analytical results indicated that perchlorate in 
groundwater was less than or equal to 1.3 l.tg/L \Nhich is significantly below 
concentrations hnmd in local wells. 
v·/cre an below the method detection limit. 

must 
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is through rhe 
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beurock. It is improbable that the Bel Fiore Nursery is a significant 1ctive contributor to 
the beurock aquifer comarnination due to the low levels of perchlorate in the grounuwater 
of the shallow overburden aquifer and the fact that it was not detected in the soil beneath 
the propel1y. If Bel Fiore Nursery was the only source of contamination then perchlorate 
levels in the overburden groundwater at this location would be expected to be much 
higher than in the residential wells, which was not the case. 

Other potential fertilizer sources include the former Tice Farm and fonner Van Riper 
operations. The Tice Farm was located west of the Garden State Parkway in the area of 
the highest perchlorate groundwater concentrations. 

It should also be noted that much of the current Bergen County's residential areas were 
apple orchards until the early 1960s, and the perchlorate ion contamination could be a 
plume from a distributed legacy source due to historical fertilizer applications. Due to 
the nature of the contaminant and the bedrock aquifer properties, distant military 
installations or industries that used perchlorate may be responsible contributors to the 
plume. 

Conclusion 
Based on the available data it appears unlikely that the Bel Fiore Nursery is the only 
contributor or even a significa.nt contributor to the perchlorate ion contamination of the 
bedrock aquifer in the subject area of Bergen County. Other potential fertilizer sources 
include the tCH1ner Tice Farm, and the former Van Riper agricultural operations, or some 
other legacy Tlonpoint source from historically applied fertilizer. Based on the 
conservative properties of perchlorate and the high ground water velocities in fractured 
rock aquifer, distant agricultural or nonagricultural sources may also he contributors. 
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Date: April 5, 2007 

United States Environmental Protection Agency 
Region II 

2.8005 

Subject: Removal Site Evaluation for the Bergen Perchlorate Ion Site, Saddle River Borough, 
Upper Saddle River Borough, Park Ridge Borough and Woodcliff Lake Borough, 
Bergen County, New Jersey 

From: Thomas P. Budroe, On-Scene Coordinator 
Removal Action Branch 

To: File 

Site J.D. No.: NJC200400133 

I. INTRODUCTION 

",j:: _~- r:~- ~.--'t~<f.~ ~. /1" -.-.--7....-

The United States Environmental Protection Agency (EPA) received a written request from the 
New Jersey Department of Environmental Protection (NJDEP) on June 6, 2005, to evaluate the 
Bergen Perchlorate Ion Site (Site) for Comprehensive Environmental Response, Compensation 
and Liability Act of 1980, as amended (CERCLA), removal action consideration. NJDEP 
further requested that EPA provide alternate water for impacted homes through point-of-entry 
treatment (POET) systems or waterline extensions. 

The Borough of Park Ridge operates a water system serving parts of Park Ridge Borough and 
Woodcliff Lake Borough, New Jersey. In 2003, the Park Ridge Borough collected supply well 
water samples for perchlorate ion (perchlorate) analysis as required by the federally-mandated 
Umegulated Contaminant Monitoring Rule (UCMR). Perchlorate was detected at one sampling 
location at a level of 13 micrograms per liter (Jlg/L). NJDEP became aware of the perchlorate 
groundwater contamination as a result of the above sampling event. In response to the situation, 
NJDEP, the Park Ridge Borough water company and the local health department conducted an 
investigation which included sampling private potable wells in the area. At the time of the 
NJDEP referral to EPA, over 55 private wells had been sampled and analytical results indicated 
that 17 wells demonstrated levels over 5 ppb. The highest concentration detected was 91 ppb. 

From November 7 through November 9, 2005, EPA collected potable well samples from 29 
residential private wells at the Site. The sample results ranged from non-detect to 16 Jlg/L. Of 
the 29 sample locations, 27 had results reported with detectable levels of perchlorate. From 
October 17 through October 19, 2006, EPA collected aqueous potable well samples, from eleven 
residences at the Site. The sample results ranged from 16 Jlg/L to 95 j.tg/L. EPA's residential 
well water sampling results, in combination with results from other agencies, have demonstrated 
relatively wide scale perchlorate groundwater contamination of the semiconfined bedrock 
aquifer. 

1 
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There has been a release of hazardous substances or pollutants or contaminants at the Site, which 
is defined as a facility under section'IOl(9) ofCERCLA, In conducting a Removal Site 
Evaluation, EPA documented the release of perchlorate to the groundwater at the Site. Due to 
the impact of perchlorate significantly impacting human health and the environment, a CERCLA 
removal action is warranted to address contaminated drinking water and abate the potential 
threats to human health and the environment. 

On January 26,2006, EPA released "Assessment Guidance for Perchlorate" (Guidance). This 
Guidance replaced previous Office of Solid Waste and Emergency Response (OSWER) 
guidance regarding perchlorate under the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP), 40 CRF Part 300. This EPA Guidance document is included as 
Attachment B. Following the National Academy of Sciences' (NAS) National Research Council 
(NRC) review, EPA adopted a reference dose (RID) for perchlorate of 0.0007 
milligramlkilogram-day (mglkg-day), and the Guidance applies the RID to EPA's CERCLA 
program. This is equivalent to approximately 0.045 milligrams per day (or 45 micrograms) in a 
pregnant woman or 0.05 milligrams per day in an average-weight man. This RID leads to a 
Drinking Water Equivalent Level (DWEL) of 24.5 /lgiL or 24.5 parts per billion (ppb). EPA 
calculated the DWEL using the RID multiplied by an adult body weight of 70 kg and divided by 
a conservative tap water consumption value of2 liters per day (L/day). 

NRC's January 2005 final report, "Health Implications of Perchlorate Ingestion," recommended 
an RfD of 0,0007 mg/kg-day. Based on the NRC report and its recommended RID, the EPA 
Integrated Risk Information System (IRIS) perchlorate RID is now 0.0007 mglkg-day. EPA has 
determined that the RID recommended by NRC and adopted by EPA represents the best 
available science regarding the toxicity of perchlorate. Consequently, this IRIS RID of 0.0007 
mglkg-day is now the appropriate value for use by risk assessors and project managers, 

The NCP (40 CFR 300.430(e)(2)(i)(A)(l) provides that when establishing acceptable exposure 
levels for use as remediation goals, consideration must be given to concentration levels to which 
the human popUlation, including sensitive subgroups, may be exposed without adverse effects 
over a lifetime or part of a lifetime, incorporating an adequate margin of safety. The RID for 
perchlorate on which the acceptable exposure level would be based is a conservative public 
health-protective value derived using an uncertainty factor to ensure protection of the most 
sensitive popUlation. Specifically, because the RID includes a full ten-fold intraspecies 
uncertainty factor to protect the most sensitive population, the fetuses of pregnant women who 
might have hypothyroidism or iodide deficiency, it is also protective of other sensitive 
populations such as neonates and developing children. As noted in the IRIS summary for 
perchlorate, an uncertainty factor often was viewed by the NRC as conservative and health
protective particularly because the RID is based on a non-adverse effect that would precede any 

. adverse effect resulting from perchlorate exposure. In addition, the Agency's practice of using 
the RID to calculate a DWEL for perchlorate using a 70 kg body weight and a water 
consumption value 01'2 Llday is further supported in this instance by the fact that the standard 
weight and consumption values also represent weight and consumption values relevant for 
protecting the most sensitive population. 

2 
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The NCP provides that "preliminary remediation goals should be modified, as necessary, as more 
information becomes available during the RJ/FS" (remedial investigation I feasibility study). Rls 
at sites with perchlorate contamination should be conducted with the same approach as RIs at all 
other sites, assessing factors such as physical characteristics of the site; characteristics or 
classifications of air, surface water, and groundwater; general characteristics of the waste; the 
extent to which the source can be adequately identified and characterized; actual and potential 
exposure pathways through environmental media; actual and potential exposure routes; and other 
factors, as set out in 40 CFR 300.430(d). For example, the RI may indicate that individuals at a 
site may be exposed to perchlorate through multiple pathways. In such cases, contribution from 
non-water sources should be considered based on site-specific data until further national 
guidance on relative source contribution is developed. 

In sum, the primary contaminant of concern found in groundwater at the Site is perchlorate. 
Sample results have documented the presence of perchlorate in groundwater and in many wells 
from which groundwater is extracted for potable purposes. The level of perchlorate detected in 
samples taken from nine of the potable wells sampled by EPA was in excess of the EPA DWEL 
of 24.5 /lgiL. Its presence is indicative of some historical re1ease(s) which may have occurred at 
or upgradient of the Site. One or more point and/or non-point sources of perchlorate contributed 
to the levels of perchlorate found in groundwater at the Site. The identity of these source(s) is, 
however, currently unknown. 

II. SITE CONDITIONS AND BACKGROUND 

A. Site Description 

1. Physical Location 

The Site consists of a groundwater aquifer contaminated with perchlorate. The location of the 
Site is currently defined as the communities of Saddle River Borough, Upper Saddle River 
Borough, Park Ridge Borough and Woodcliff Lake Borough, Bergen County, New Jersey in a 
residential area (Attachment A, Figure 1). The extent of the perchlorate contamination in the 
groundwater has not been delineated, and the Site may expand as additional data are received 
and evaluated. 

Homes constructed over much of the Site were built in the 1960s. Previous to housing, much of 
this area was reportedly farmed as apple, peach and cherry orchards as well as strawberry fields. 

Perchlorate has impacted the semi confined bedrock aquifer within the Brunswick Formation of 
the Newark Group. The Brunswick Formation is composed of mudstone, siltstone and 
sandstone, and is a major source of potable water for much of Bergen County. 

The Newark Group generally strikes north-northeast and dips to the west-northwest at 10 degrees 
in this area. In the Brunswick Formation, groundwater is stored and transmitted through a series 
of interconnected joints, fractures and solutions channels collectively referred to as secondary 
porosity. This secondary porosity decreases with depth. As a result, only the upper 200 to 500 
feet of the Brunswick Formation is considered an aquifer. Groundwater flow tends to be 
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anisotropic with a principal direction of flow parallel to strike. Groundwater flow velocities in 
fractured rock aquifers are generally much higher than in unconsolidated aquifers; and high 
yielding wells can draw groundwater from distances much farther (up to several miles) than 
similar wells in unconsolidated formations. 

2. Site characteristics 

The Park Ridge Board of Public Works (Board) operates a water system serving the Borough of 
Park Ridge and Woodcliff Lake, New Jersey. Water is supplied to this system through the 
pumping of 17 public wells located throughout the service area. The wells serve as the only 
source of water to this system. In 2003, Park Ridge was required to collect supply well samples 
for perchlorate analysis as part of the requirements of the federally-mandated UCMR. 
Perchlorate was detected at one sampling location at a level of 13 /lg/L. This sampling location 
is a combined treatment system serving supply wells number 9 and number 15 at Old Mill Park 
in the Borough of Woodcliff Lake. During another sampling event Park Ridge sampled well 
number 10 located at Glen Road in Woodcliff Lake, and the analysis indicated perchlorate at 23 
/lg/L. In July 2004, in response to the perchlorate detections in it's Woodcliff Lake supply wells, 
the Board decided to remove well number 10 from service, and to place well number 15 into 
"contingency" operational mode. 

The Board directed their engineer to initiate the design of treatment systems for wells 10 and 15 
and also directed their environmental consultant (Consultant) to conduct an investigation to 
determine the source of the perchlorate contamination. Their Consultant began the source 
investigation by attempting to identify any operations or disposal areas within the capture zones 
of the supply wells. They also collected groundwater and surface water samples in the vicinity 
of wells 10 and 15 for perchlorate analysis. The sampling results indicated that the highest 
perchlorate levels were found in groundwater close to well number 10. 

The Consultant visited a commercial greenhouse operation located in Woodcliff Lake situated 
within 600 feet of well number 10 and collected samples of the fertilizers used there for 
perchlorate analysis. The analytical results indicated that the fertilizer (Scotts/Peters Excel, 15-
2-20 Plus 3.75% Ca and 2% Mg Pansy, Salvia and Vinca formUla) contained approximately 
550,000 ppb of perchlorate. The nitrate source for this fertilizer was excavated from a Chilean 
desert and is believed to be the source of the perchlorate in the fertilizer. It is important to note 
that the Consultant collected samples of four other fertilizers also used by the greenhouse, and 
the analysis indicated the presence of perchlorate ranging from 5,700 to 85,000 ppb. 

On October 29,2004, soil samples were collected by the Consultant at the greenhouse property. 
Three samples were collected at the 0 3 inch depth interval from inside the greenhouses. One 
sample was collected immediately adjacent to a fertilizer mixing tank and two were collected 
from beneath racks of potted plants. Perchlorate analytical results ranged from non-detect to 2 
ppb. 

Formerly, another commercial horticultural greenhouse was located on Chestnut Ridge Road, 
Woodcliff Lake, NJ, behind the location of the present retail strip mall. In addition, flowers were 
grown in an adjacent field. The irrigation water for that operation was reportedly provided by an 
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on-site well which discharged to a water retention pond. This operation was located within 500 
feet of a domestic well on County Road where perchlorate was detected as high as 91 IJ-g/L. 

Another former farm operation was located on Chestnut Ridge Road, Woodcliff Lake, NJ. 
Irrigation water at this farm was reportedly provided by an on-site well. 

NJDEP continued sampling residences in the vicinity of the possible greenhouse source and 
beyond. NJDEP collected potable well samples in August, October, November and December of 
2004 and January, February, March, July and August of2005. The results varied from non
detect to 91 ppb of perchlorate. 

An EPA Environmental Response Team (ERT) hydrologist conducted a review of the sampling 
data specific to the Site and the regional hydrogeologic data and generic data on the fate of 
perchlorate in soil and groundwater. His report is included as Attachment C. The EPA ERT 
investigation has not resulted in any information sufficient to identify any potentially responsible 
parties for the Site to date. 

3. Site assessment activities/observations 

From November 7 through November 9, 2005, EPA collected a total of 32 aqueous, potable well 
samples from 29 residential private wells, including two blind duplicate samples and one trip 
blank. . The sampling consisted of purging the residences potable water for ten minutes from the 
most accessible untreated water location closest to the well pressure tarue Each sample was 
filtered into a sterile polypropylene container. A Well Record was completed with all available 
information regarding the well at each sampling location. All samples were shipped to the EPA 
Region I, New England Laboratory for perchlorate analysis on November 9,2005. Perchlorate 
was determined using High Performance Liquid Chromatography/Tandem Mass Spectrometry 
(HPLC MS/MS) technique (EIASOP-LCMSCI04Wl). The system consists ofa Thermo 
Surveyor HPLC system linked to a Thermo Finnigan LCQ Deca Ion Trap Mass Spectrometer. 
Of the 29 sample locations, nine samples were collected in Saddle River and 20 were collected in 
Upper Saddle River. The sample results for Saddle River ranged from non-detect to 16 IJ-g/L. 
The sample results for Upper Saddle River ranged from non-detect to 6.2 IJ-g/L. Of the 29 
sample locations, 27 had results reported with detectable levels of perchlorate. The following 
table provides information on the sample collection and analytical results. 

Table 1: Well Water Sample Collection Information and Perchlorate Analytical Results 
November 2005 

Sample Location Date Well Sample Result 
. (Without Address) Depth (ft) (~g/L) 

Saddle River 11/07/05 100 * 6.7 
Saddle River 11109/05 125 * 0.85 
Saddle River 11107105 200 ND 
Saddle River 11/09/05 200 * 1.2 
Saddle River 11109/05 231 5.2 

__ _ Saddle River 1 )/08105 200 - 250* 10 
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Table 1: Continued 

Sample Location Date Well Sam pie Result 
(Without Address) Depth (ft) (llglL) 

Saddle River 11/07/05 Unknown 10 
Saddle River 11107105 Unknown 16 
Saddle River I )/08/0S Unknown 7.4 

Upper Saddle River 11107/05 lOS 4.2 
Upper Saddle River 11/07/05 126 ND 
Upper Saddle River 11/08/05 130 1.8 
Upper Saddle River 1I/07/0S 150 0.84 
Upper Saddle River 11/07/05 150 0.48 
Upper Saddle River 11/08/05 150 0.31 
Upper Saddle River 11107/05 160 2.0 
Upper Saddle River 11107/05 160 0.44 
Upper Saddle River 11109/05 160 0.36 
Upper Saddle River 11/09/05 200 4.S 
Upper Saddle River 11109/0S 300 4.0 
Upper Saddle River 11/08/05 SOO 0.49 
Upper Saddle River 11107105 S50 0.58 
Upper Saddle River 11/08/05 550 6.2 
Upper Saddle River 11/07/05 Unknown 0.27 
Upper Saddle River 11/07/05 Unknown 0.3 
Upper Saddle River 11107105 Unknown 0.7 
Upper Saddle River 11/07/05 Unknown 1.1 
UplJer Saddle River 1)/08/05 Unknown 0.8 
Upper Saddle River 11109/05 Unknown 0.92 

Trip Blank 11107105 . ND 

*The residents who provided this well depth figure were not certain of its accuracy. 
ND: Nondetect 

NJDEP provided EPA with a list of Site residents they previously sampled having reported 
perchlorate results approaching or exceeding 24.5 IlgiL. From October 17 through October 19, 
2006, aqueous, potable well samples, including one blind duplicate sample were collected from a 
pre-treated water source in eleven residences on the aforementioned list provided by the NJDEP. 
In addition, one field blank sample was collected for field quality control (QC). All samples 
were shipped to the EPA Region I New England Laboratory for perchlorate analysis on October 
19,2006. Of the I I sample locations, six samples were collected in Saddle River, four were 
collected in Upper Saddle River and one was collected in Woodcliff Lake. The sample results 
for Saddle River ranged from 17 Ilg/L to 44 Ilg/L. The sample results for Upper Saddle River 
ranged from 16 Ilg/L to 9 I IlgiL. The only result in Woodcliff Lake was reported at 95 Ilg/L. 
All of the I I sample locations had results reported with detectable levels of perchlorate, and nine 
had results exceeding EPA's DWEL of24.5 IlglL.. The following table provides information on 

. the sample collection and analytical results. 
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Table 2: Well Water Sample Collection Information and Perchlorate Analytical Results 
October 2006 

Sample Location Sample Well Sample Result 
(Without Address) Date Depth (ft) (~g!L) 

Saddle River 10/18/06 220 41 
Saddle River 10/19/06 245 39 
Saddle River 10/17/06 300 37 
Saddle River 10/18/06 Unknown 17 
Saddle River 10/18/06 Unknown 33 
Saddle River 10118/06 Unknown 44 

Upper Saddle River 10/18/06 101 42 
Upper Saddle River 10/18/06 125 47 
Upper Saddle River 10/18/06 Unknown 16 
Upper Saddle River 10/18/06 Unknown 91 

Woodcliff Lake 10/18/06 Unknown 95 

2.8011 

4. Release or threatened release into the environment of a hazardous substance, or 
pollutant or contaminant 

Five perchlorate compounds are manufactured in large amowlts; ammonium perchlorate, lithium 
perchlorate, magnesium perchlorate, potassium perchlorate and sodium perchlorate. When 
perchlorates dissolve, they separate into two parts. One part has a positive charge (cation), and 
the other part has a negative charge (anion). The anion is the perchlorate ion. 

One of the perchlorate salts, ammonium perchlorate, is produced in very large amounts because 
it is used in rockets. The solid booster rocket on the space shuttle is almost 70% ammonium 
perchlorate. Perchlorates are also used in explosives. It has been estimated that 90% of 
perchlorates that are produced are used for defense and aerospace activities 

Other uses of perchlorates include fireworks, flares, 'gunpowder, temporary adhesives, 
electrolysis baths, batteries, drying agents, etching agents, and oxygen generating systems. They 
are also used for making other chemicals. Perchlorates were once used as a medication to treat 
an over-reactive thyroid gland. Currently, perchlorates are used to prevent technetium uptake 
during medical imaging and as part of a treatment to counter the thyroid effects of the drug 
amiodarone. 

Perchlorates have been known to enter the environment where rockets were made, tested, and 
disassembled. Factories that make or use perchlorates may also release them to soil and water. 
Some factories may release perchlorate dusts, which can be carried away by the wind. It is 
believed that perchlorates may enter the environment in small amounts from the use of 
fireworks, explosives, flares, and similar products, but it has not been ascertained. Recent 
studies have reported that perchlorate contamination is being found in locations where it has not 
been known to be made, used, or released by humans. It is unclear how the perchlorate came to 
be located in these areas. 
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Perchlorates occur naturally, for example, in the saltpeter (potassium nitrate) deposits in the 
Atacama Desert of Chile, South America. Chilean saltpeter is used to make fertilizer. 

Perchlorate is a highly mobile groundwater contaminant. Perchlorate is generally released to the 
environment as a water soluble salt. As a constituent of a salt, it dissolves readily in water, and 
because it is an anion, it does not adhere well to soil or bedrock surfaces. Therefore, perchlorate 
tends to move at the same rate as the groundwater. Point source releases to the environment are 
commonly linked to the manufacture, testing or disposal of solid rocket propellant, the 
manufacturing of perchlorate, use of perchlorate in industry or the application of perchlorate 
containing fertilizers on small acreages. Nonpoint or distributed sources could result from the 
application of perchlorate containing fertilizers over large acreages. 

In the subsurface, perchlorate behaves as a conservative tracer because it resides entirely in the 
aqueous phase. It does not bind to mineral matter because of its negative charge. As a result, the 
center of mass of a perchlorate plume travels at the mean velocity of groundwater. In a fractured 
aquifer that is being pumped, this may lead to rapid spreading of perchlorate contamination due 
to the high groundwater velocities. 

Perchlorate can be broken down microbially through reductive dechlorination; however, this is 
not expected to occur in aquifers because of the typically high redox potential of groundwater. 
Therefore, perchlorate in a groundwater system can only be removed by natural discharge or by 
groundwater extraction, providing a continuing source does not exist. 

During a survey of approximately 3,600 public water systems located across the United States, 
perchlorate was detected above 4 ppb in about 2% of drinking water samples and in about 4% of 
water supply systems (Agency for Toxic Substances and Disease Registry 2005). Perchlorates 
have also been found in food. The U.S. Food and Drug Administration (FDA) analyzed 104 
milk samples and determined that perchlorate ranged from 3.16 to 11.3 ppb, with perchlorate not 
quantifiable in three samples. The mean was 5.76 ppb for the 104 samples (FDA 2004, 2-3). 
The FDA also collected and analyzed 128 lettuce samples and determined that perchlorate was 
present in lettuce (FDA 2004, 3) as outlined in the following table: 

Table 3: FDA Perchlorate Analytical Results for Lettuce 

Lettuce Type Range of Perchlorate Results Mean 
Iceberg Nondctcct to 71.6 ppb 7.76 ppb 
Green Leaf 1.00 to 27.4 ppb 10.7 ppb 
Red Leaf Nondetect to 52.0 ppb 11.6 ppb 
Romaine Nondetect to 129 ppb 11.9 ppb 

In November 2005 and October 2006, EPA collected potable well water samples from a total of 
40 residences. Of the 40 sample locations, 15 samples were collected in Saddle River, 24 were 
collected in Upper Saddle River and one was collected in Woodcliff Lake. The sample results 
for Saddle River ranged from non-detect to 44 /lg/L. The sample results for Upper Saddle River 
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ranged from non-detect to 91 llg/L. The only result in Woodcliff Lake was reported at 95 j.tglL. 
Nine sample locations had results exceeding EPA's DWEL of24.5 j.tglL. 

To date, over 150 residential wells surrounding Municipal Well 10 have been sampled in total by 
local, state and federal agencies. Perchlorate was found above the detection limit in wells over 
two miles west of Municipal Well 10. Most of the wells sampled are located west of the Garden 
State Parkway. Of the wells sampled, approximately 75% had a perchlorate concentration that 
exceeded the method detection limit with concentrations up to 110 IlgiL. Sampling of private 
residential wells in the area has shown relatively wide scale perchlorate groundwater 
contamination of the semiconfined bedrock aquifer. Thirteen residential wells had a perchlorate 
concentration exceeding EPA's DWEL of 24.5 j.tg/L. Of the thirteen residential wells exceeding 
24.5 j.tg/L, NJDEP installed pilot treatment systems at two of these residences, one residence was 
sampled by EPA in October 2006 and the subsequent analytical results indicated the perchlorate 
concentration was less than 24.5 IlgiL and one resident would not allow EPA to sample their 
well. 

Perchlorate is the contaminant of concern in groundwater at the Site. ·It is clearly a "pollutant or 
contaminant" within the meaning of that term as used in CERCLA. There have been historical 
releases of perchlorate into groundwater underlying the Site. There are also ongoing releases 
and threatened releases of perchlorate by, among other routes, its migration through the 
groundwater and its extraction and subsequent use in potable water supplies drawn from certain 
wells located at the Site. 

5. NPL status 

The Site is not on the NPL. 

B. Other Actions to Date 

1. Previous actions 

EP A has conducted sampling and analysis of residential well water in the affected area as 
previously described in this document. 

2. Current actions 

EP A is investigating cost, effectiveness and maintenance requirements of various types of water 
treatment systems which may be used to treat residential well water to remove perchlorate ion. 

C. State and Local Authorities' Role 

1. State and local actions to date 

A local health department has conducted some minimal sampling of residential wells as 
described in this document. To a larger extent, NJDEP has also conducted sampling and analysis 
in the affected area as previously described in this document. 
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NJDEP has developed a pilot residential water treatment system to remove perchlorate from 
potable water. The perchlorate treatment system uses an ion exchange technology to remove 
perchlorate from the water. The water is pumped through a vessel containing an anion exchange 
resin. The perchlorate is attracted to and captured at the surfaces of the individual resin particles. 
One ion of sodium is released from the surface of the resin for each ion of perchlorate captured 
by the resin. The resin bed is operated until it becomes saturated with perchlorate, after which 
time the resin must be removed for disposal. The bed is then regenerated with new resin. 
NJDEP has installed a full scale treatment system in two affected residential homes. NJDEP will 
continue to sample the treated water at these residences to monitor the effectiveness of these 
systems. 

2. Potential for continued Statellocal response 

The local health departments do not have the resources to conduct a comprehensive sampling 
program for perchlorate in groundwater, or to install POET systems. 

On April 2,2007, NJDEP listed perchlorate as a hazardous substance under the New Jersey Spill 
Compensation and Control Act (Spill Act) and promUlgated an Interim Ground Water Quality 
Criteria for perchlorate of 5 ppb. Although, NJDEP currently has a mechanism to respond to 
perchlorate contamination at the Site, they have requested that EPA respond to those residences 
with concentrations of perchlorate exceeding EPA's DWEL of 24.5 Ilg/L. 

III. THREATS TO PUBLIC HEALTH WELFARE OR THE ENVIRONMENT, AND 
STATUTORY AND REGULATORY AUTHORITIES 

A. Threats to the Public Health or Welfare 

(i) Actual or potential exposure to nearby human populations, animals, or the food chain 
from hazardous substances, or pollutants, or contaminants; 

At the request of EPA's Removal Action Branch, the Agency for Toxic Substances and Disease 
Registry (A TSDR) drafted a Record of Activity (ROA), dated June 20, 2006, to provide a health 
guidance value that can be used to evaluate potential human exposure to perchlorate present in 
the groundwater at the Site. This ROA is included as Attachment D. The ROA states that 
inhibition of iodide uptake by the thyroid in humans, which is the key biochemical event in 
perchlorate toxicity, should be used as the basis of the risk assessment. Inhibition of iodide 
uptake is a reliable and valid measure; it has been unequivocally demonstrated in humans 
exposed to perchlorate, and it is the key event that precedes all thyroid-mediated effects of 
perchlorate exposure. The NRC concluded that the first adverse effect in the continuum of 
perchlorate effects would be hypothyroidism. The ROA also states that the development of 
thyroid tumors, as an ultimate result of perchlorate-caused inhibition of thyroid iodide uptake, is 
unlikely in humans. Using a toxicity value of 0.0007 mg/kg and assuming a 70 kg adult drinking 
two liters of water per day, A TSDR calculated a perchlorate concentration of 24.5 Ilg/L as a level 
that should be protective of all residents, including the most sensitive popUlations (i.e. pregnant 
mother and their developing fetus, as well as other sensitive populations). In proposing the 24.5 
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~g/L value, A TSDR assumed that those drinking perchlorate contaminated water from the Site 
did not receive any other exposures to perchlorate. If EPA identifies any other sources of 
exposure at the Site, such as milk or crops (e.g. lettuce) irrigated with perchlorate-contaminated 
groundwater, the proposed value may not be protective of health and will need to be reevaluated. 

Perchlorates can enter the body by swallowing food or water containing them. Since they easily 
dissolve in water, they quickly pass through the stomach and intestines and enter the 
bloodstream. If dust or droplets of perchlorate are inhaled, it can pass through the 'lungs and 
enter the bloodstream. Perchlorates probably do not enter the body directly through the skin, but 
if present on your hands, hand-to-mouth activity could contribute to oral exposure. 

The blood stream carries perchlorate to all parts of the body. Perchlorate is not changed inside 
the body. A few internal organs (for example, the thyroid and salivary glands) can take up 
relatively large amounts of perchlorate out of the bloodstream. Perchlorate leaves these organs 
in a few hours. Perchlorate has also been found in breast milk. 

When perchlorates are swallowed, a small percentage is eliminated in the feces. More than 90% 
of perchlorate taken in by the mouth enters the bloodstream. In the blood, perchlorate passes 
into the kidneys, which then releases it into the urine. The body begins to clear itself of 
perchlorate through the kidneys within 10 minutes of exposure. Most of the perchlorate that is 
taken in is eliminated in the first day. 

Methods to measure perchlorate in the body are not routinely available, but perchlorate can be 
measured in the urine. Because perchlorate leaves the body fairly rapidly, perchlorate in the 
urine can only indicate very recent exposure. Levels of thyroid hormones in the blood can be 
monitored. 

The main target organ for perchlorate toxicity in humans is the thyroid gland. Perchlorate 
partially inhibits the thyroid's uptake of iodine. Iodine is required as a building block for the 
synthesis of thyroid hormones. Thyroid hormones regulate certain body functions after they are 
released into the blood. People exposed to excessive amounts of perchlorate for a long time may 
develop a low level of thyroid activity. The medical name for this condition is hypothyroidism. 
Hypothyroidism can also be caused by conditions totally unrelated to perchlorates. In 
hypothyroidism, the lower amounts of thyroid hormones in the blood cause increases in pituitary 
hormones that can lead to a large increase in the size of the thyroid gland. The medical name for 
this condition is goiter. Because thyroid hormones perform important functions throughout the 
body, many normal body activities also are affected by the low hormone levels. 

The thyroid gland is also the main target organ for perchlorate toxicity in animals. The thyroid 
changes caused by perchlorate in animals may lead to tumors in the thyroid after a long period. 
This has occurred after administering very high amounts of perchlorate to the animals. NAS 
concluded that based on the understanding of the biology of human and rodent thyroid tumors, it 
is unlikely that perchlorate poses a risk of thyroid cancer in humans. Perchlorates have not been 
classified for carcinogenic effects by the Department of Health and Human Services, the EPA or 
the International Agency for Research on Cancer. 
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Children and developing fetuses may be more likely to be affected by perchlorate than adults 
because thyroid hormones are essential for normal growth and development. Animal studies 
have shown a low level of thyroid activity in developing animals exposed to perchlorates through 
the placenta before birth or through the mother's milk after birth. One of these studies found 
thyroid effects in the young animals even when the mothers did not seem to have any effects. 
However, in this study, the pregnant animals were given amounts of perchlorate thousands of 
times higher than the amounts that people get from contaminated drinking water in the United 
States. Recent studies in which pregnant rats were given much lower amounts of perchlorate 
have confirmed that perchlorates can alter the thyroid gland in the new born animals. This has 
generally occurred when perchlorate also affected the thyroid of the mothers (ATSDR 2005). 

Perchlorate exists in the groundwater and in water extracted from many wells used for potable 
water supplies at the Site. The level of perchlorate at 13 wells used for potable supplies 
exceeded the EPA DWEL of24.5 Ilg/L. Ingestion of water from these wells (and possibly other 
exposure routes) presents a clear pathway through which individuals may be exposed to 
perchlorate and may be adversely impacted as described above. 

(ii) Actual or potential contamination of drinking water supplies or sensitive 
ecosystems; 

There has been and continues to be a release of perchlorate in and through the groundwater at the 
Site. EPA's well water sampling results, in addition to results from other agencies, has 
demonstrated a pervasive presence of perchlorate in groundwater in the semiconfined bedrock 
aquifer. EPA's recent sampling results indicate that perchlorate has impacted the drinking water 
of at least nine residences above EPA's DWEL of24.5 Ilg/L. 

(vii) The availability of other appropriate federal or State response mechanisms to 
respond to the release; 

On April 2,2007, NJDEP listed perchlorate as a hazardous substance under the Spill Act and 
promulgated an Interim Ground Water Quality Criteria for perchlorate of 5 ppb. NJDEP is also 
reportedly developing a maximum contaminant level (MCL) which they will promulgate after its 
review and concurrence process is completed. NJDEP has issued letters to the public indicating 
that they anticipate the perchlorate MeL will be 5 ppb. This level assumes that in addition to 
being exposed to perchlorate through the consumption of drinking water, people are also exposed 
through the consumption of other sources such as milk or crops. Although, NJDEP currently has 
a mechanism to respond to perchlorate contamination at the Site, they have requested that EPA 
respond to those residences with concentrations of perchlorate exceeding EPA's DWEL of 24.5 
Ilg/L. 

There is no local response action expected to mitigate the threats to public health or the 
environment on the Site. 

No other federal or State response mechanism is available to respond to the significant threat 
which the Site presents. 
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B. Threats to the Environment 

Analytical sample results have confirmed groundwater contamination at the Site caused by 
perchlorate which indicates that there has been a release to the environment. This contamination 
will continue to migrate in the groundwater and may be discharged to the surface water thereby 
potentially impacting ponds and wetland areas located in the vicinity of the Site. Elevated levels 
of perchlorate may potentially impact wildlife at the Site. 

IV. EXPECTED CHANGE IN THE SITUATION SHOULD ACTION BE DELAYED 
OR NOT TAKEN 

Delayed action or no action will result in the continued exposure of residents to perchlorate in 
their drinking water. This poses an immediate health threat to the affected residents at the Site. 

V. ENFORCEMENT 

There are currently no verified sources from which perchlorate migrated into groundwater at the 
Site nor have any potentially responsible parties been discovered or notified to date. 

Potential sources of perchlorate include the following: 

1. one or more businesses which currently operate or which operated in the past at and in 
the vicinity of the Site which may have handled agricultural fertilizers containing 
perchlorate or perchlorate salts; 

2. farms, other agricultural operations, or some other legacy non-point source(s) which 
applied large quantities of fertilizers in the past at or in the vicinity of the Site; and 

3. other industrial operations which may have used perchlorate in the past at or upgradient 
from the Site. 

Additional work is required to identity the specific sources of perchlorate which may have 
contributed to the levels of perchlorate found in groundwater at the Site. 

VI. CONCLUSIONS 

Perchlorate is the contaminant of concern in groundwater at the Site. It is clearly a "pollutant or 
contaminant" within the meaning of that term as defined in Section 101(33) ofCERCLA. which 
states as follows: "The term "pollutant or contaminant" shall include, but not be limited to, any 
element, substance, compound, or mixture, including disease-causing agents, which after release 
into the environment and upon exposure, ingestion, inhalation, or assimilation into any organism, 
either directly from the environment or indirectly by ingestion through food chains, will or may 
reasonably be anticipated to cause death, disease, behavioral abnormalities, cancer, genetic 
mutation, physiological malfunctions (including malfunctions in reproduction) or physical 
deformations, in such organisms or their offspring; except that the term "pollutant or 
contaminant" shall not include petroleum .... " 
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Section 104(a) (1) of CERCLA states as follows: "Whenever (A) any hazardous substance is 
released or there is a substantial threat of such a release into the environment, or (8) there is a 
release or substantial threat of release into the environment of any pollutant or contaminant 
which may present an imminent and substantial danger to the public health or welfare, the 
President is authorized to act, consistent with the national contingency plan, to remove or arrange 
for the removal of: and provide for remedial action relating to such hazardous substance, 
pollutant, or contaminant at any time (including its removal from any contaminated natural 
resource), or take any other response measure consistent with the national contingency plan 
which the President deems necessary to protect the public health or welfare or the environment. 

There have been historical releases of perchlorate into groundwater at the Site. There have also 
been and there continues to be ongoing releases and threatened releases of perchlorate as 
evidenced by its migration through the groundwater and its extraction and subsequent use, 
including possible ingestion, in potable water supplies drav.'11 from certain wells located at the 
Site. 

There has been a release of perchlorate to the environment at the Site. This Site poses a threat to 
human health or the environment due to documented and potential exposure of affected residents 
to perchlorate in the groundwater at the Site. Due to contaminated groundwater posing a health 
hazard through ingestion and based on a review of available information, a CERCLA removal 
action is warranted at the Site. Delayed action will increase the health risks to residents having 
perchlorate contaminated well water at the Site, which meets the definition of a facility under 
Section 101(9) ofCERCLA, 42 U.S.C. §9601(9). Installation of POET systems at affected 
residences would substantially mitigate the health threat posed by the contaminated groundwater. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

January 26, 2006 

MEMORANDUM 

SUBJECT: 

FROM: 

Assessment Guidance for Perchlorate 

~a-P~C3~ 
Susan Parker Bodine 
Assistant Administrator 

TO: Regional Administrators 

2.8023 

OffICE OF 
SOlID WASTE AND EMEROENCY 

RESPONSE 

This guidance replaces previous Office of Solid Waste and Emergency Response 
(OSWER) guidance and the accompanying questions and answers (referenced below) regarding 
perchlorate under the National Oil and Hazardous Substances Contingency Plan (National 
Contingency Plan, NCP), 40 CFR Part 300. As explained below, following the National 
Academy of Sciences' National Research Council (NRC) review, EPA adopted a reference dose 
(RID) for perchlorate of 0.0007 milligramlkilogram-day (mglkg-day), and this guidance applies 
that to EPA's CERCLA program. This RID leads to a Drinking Water Equivalent Level 
(DWEL) of24.5 microgramslliter (ugIL) or 24.5 parts per billion (Ppb). 

Previous guidance on this topic included the 2003 guidance entitled "Status of EPA's 
Interim Assessment Guidance for Perchlorate," and the accompanying questions and answers, as 
well as the 1999 "Interim Assessment Guidance for Perchlorate." Those past guidances endorsed 
use of the provisional RID range, 0.0001 to 0.0005 mglkg-day, until the final health risk 
benchmark was established. They went on to use the standard default body weight (70 kg, 
approximately 154 pounds) and water consumption level (21iterslday [Uday]) to calculate a 
DWEL of 4-18 ppb that was used as a recommended screening level. 

Several agencies, including EPA, asked the NRC to review perchlorate toxicity. NRC's 
January 2005 final report, "Health Implications of Perchlorate Ingestion," recommended an RID 
of 0.0007 mglkg-day. Based on the NRC report and their recommended RID, the EPA 
Integrated Risk Information System (IRIS) perchlorate RID is now 0.0007 mglkg-day. This 
IRIS RID is now a value "to be considered" (TBC) in accordance with section 3oo.400(g)(3) of 
the NCP. As suggested by the NCP's preamble (55 Fed. Reg. 8745 (1990», and subsequent 
guidance (OSWER Directive 9285.7-53 (2003», use of the RID in EPA's IRIS is preferred and 
consistent with the NCP's intent. EPA has determined that the RID recommended by NRC and 
adopted by EPA represents the best available science regarding the toxicity of perchlorate. 
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Consequently, this IRIS RID of 0.0007 mglkg-day is now the appropriate value for use by risk 
assessors and project managers. 

This RID leads to a DWEL of24.5 ppb. EPA calculates the DWEL using the RID, 
multiplied by an adult body weight of 70 kg, and divided by a conservative tap water 
consumption value of 2 Uday. 

TheNational Contingency Plan (40 CFR 300.430(e)(2)(i)(A)(1» provides that when 
establishing acceptable exposure levels for use as remediation goals, consideration must be given 
to concentration levels to which the human population, including sensitive subgroups, may be 
exposed without adverse effects over a lifetime or part of a lifetime, incorporating an adequate 
margin of safety. The RID for perchlorate, on which the acceptable exposure level would be 
based, is a conservative public health-protective value derived using an uncertainty factor to 
ensure protection of the most sensitive popUlation. Specifically, because the RID includes a full 
ten-fold intraspecies uncertainty factor to protect the most sensitive populatio~the fetuses of 
pregnant women who might have hypothyroidism or iodide deficiency, it isalso protective of 
other sensitive populations such as neonates and developing children. As noted in the IRIS 
summary for perchlorate, an uncertainty factor often was viewed by the NRC as conservative 
and health-protective, particularly because the RID is based on a non-adverse effect that would 
precede any adverse effect resulting from perchlorate exposure. (For a more detailed discussion 
of EPA's basis for adopting NRC's recommended RID for perchlorate, see EPA's IRIS summary 
for perchlorate at http://www.epa.gov/irislsubst/l007.htm.). In addition, the Agency's practice 
of using the RID to calculate a DWEL for perchlorate using a 70 kg body weight and a water 
consumption value of 2 Uday is further supported in this instance by the fact that the standard 
weight and consumption values also represent weight and consumption values relevant for 
protectiflg the most sensitive population. 

The NCP calls for development of preliminary remediation goals based on readily 
available information. 40 CPR 300.430(e)(2)(i). Typically, preliminary remediation goals are 
specific statements of desired endpoint concentrations or risk levels (55 Fed. Reg. 8713 (March 
8, 1990» that are conservative, default endpoint concentrations used in screening and initial 
development of remedi3J. alternatives before consideration of information from the site-specific 
risk assessment. Frequently, the detennining values are those requirements that are applicable or 
relevant and appropriate (ARAR) requirements under federal environmental or state 
environmental or facility siting laws, although ARARs may be waived. Where (as with 
perchlorate) no federal or state ARARs have been promulgated, preliminary remediation goals 
may as appropriate be developed based on ''to be considered" (TBC) values (40 CPR 
300.400(g)(3». The RID and its corresponding DWEL of24.5 ppb are respectively the 
recommended TBC value and preliminary remediation goal for perchlorate. 

The NCP provides that "preliminary remediation goals should be modified, as necessary, 
as more information becomes available during the RIlFS" (remedial investigation I feasibility 
study). (40 CPR 300.430(e)(2)(i». RIs at sites with perchlorate contamination should be 
conducted with the same approach as RIs at all other sites, assessing factors such as physical 
characteristics of the site; characteristics or classifications of air, surface water, and groundwater; 
general characteristics of the waste; the extent to which the source can be adequately identified 
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and characterized; actual and potential exposure pathways through environmental media; actual 
and potential exposure routes; and other factors, as set out in 40 CFR 300.430(d). For example, 
the RI may indicate that individuals at a site may be exposed to perchlorate through mUltiple 
pathways. In such cases, contribution from non-water sources should be considered based on 
site-specific data until further national guidance on relative source contribution is developed. 
The Regions should consult applicable guidance, such as "Risk Assessment Guidance for 
Superfimd: Volume I, Part A" (EPAJ540/1-89/002, Dec. 1989) at pp. 8-15; and "Risk 
Assessment Guidance for Superfund: Volume I, Part B" (EPAJ5401R-92/003, Pub. 9285.7-01.ij, 
Dec. 1991) at p. 20. If you have questions on the application of this guidance contact the 
Science Policy Branch of OSWER's Office of Superfund Remediation and Technology 
Innovation. 

Final remediation goals and remedy decisions are made in accordance with 40 CFR 
300.430(e) and (f) and associated provisions. 
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A Review of the Bergen Perchlorate Ion Site Data 
Terrance Johnson, Ph.D. 
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C~ITED STATES ENVIRONMENTAL PROTECTION AGE~CY 
ENVIROr.ME~TAL RESPONSE TEAM - \VEST 
-1-220 S .vbryland P::rrkway, Building 0 - Suite 800 

LAS VEGAS, ~EVADA 89119 

\1emorandum 
Subject: A Review of the Bergen Perchlorate fon Site Data 

Date: 7110/2006 
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To: Th\)mas Budroe, Onscene Coordinator, lJS EPA Region.2'j ... }' 
From: TClTcnce Jotmson, PhD"HydroLogist, US EPAIERT~~>vc</'''~I._~·~----' 

j-.A/ /..f 

_. - .'_ -<-;l,e 

The following is a summary review of data pertinent to the Bergen County, New Jersey 
perchlorate ion groundwater contamination. Data review includes regional 
hydrogeologic data, generic data on the fate of the perchlorate ion in soil and 
grOlllldwater and samplinRdata specific to the site. 

Background and Objective 
The Bergen Perchlorate Ion Site includes the towns of Saddle River, Upper Saddle River, 
P::rrk Ridge and Woodcliff Lake, NJ. The Park Ridge Water Company operates 17 wells 
that serve communities in Park Ridge and Woodcliff Lake. In 2004, elevated 
concentrations of perchlorate ion ill public well water (up to 23 microgrums/liter (l-tg/L» 
led to the removal from service of one municipal well (Municipal Well 10) and rhe 
reduced usage of another municipal well in the Town of Woodcliff Lake. Subsequent 
sampling of private residential wells in the area has shown a relatively wide scale 
perchlorate ion groundwater contammation of the semicontined bedrock aquifer. 

The Bel Fiore Nursery, located east of the Garden State Parkway and adjacent to 
Municipal Well 10 in Woodcliff Lake, was identified as a probable source of the 
contamination. Analysis of solid fertilizer samples coUected at the nursery demonstrated 
perchlorate iOll concentration in excess of 500 milligramslkilogram (mglkg). The 
objective of this review is to determine. based on the available data, the likelihood that 
the Bel Fiore Nursery is the only source nf the contamination or if other contributors are 
likely. 

Re!.!:lol)ai Hvdro2:eology 
The contaminant has impacted the semiconfined bedrock aquifer \,vithin the Brunswick 
FomlUtion of the New3rk Group. The Brunswick Fonnation is composed of mudstone, 
'.;iltstone ~Uld sandstone, and is a major resource of potable water fiJr much of Bergen 
County. 

The )Jew ark Gronp generally strikes n011h-northe;}st :md dips to [he west-north\vest at 10 
Jegrees in rJlis area. In the Brunswick Formation, ground\vater is stored and rr:msmitted 
through n series I)finterccmnectedjoints, fractures and solutions channels collectively 
referred to ;is SeC()ll!.iary p. )fosity. l11is secondary porosity decreases with depth. /\s a 
result, (\l1ly ,he upper 200 to 500 feet of the Brunswick is considered an :J(~uifer. 
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GrOUlluv"ater now rends to he ;.misotropic \vith a principaJ dire-dian lif tlow f1Jrallei to 
<trike. GroundwJter now velocities in fractured f'1Ck aquifers are gt:l1eraily much higlJer 
han in unconsolidated ;.lquifers: ;lnd high yielding '.\:elts can draw grouIlthvatcr from 

,Jiqances much flfther (UP to several mlles) than similar 'Nt' US in unconso lidated 
1~)rl11atiol1s. 

perchlorate Ion Environmental Fate 
'nle ptrchlorate ion is generally released to the environment as a water soluble salt. Point 
source releases to the environment are commonly linked to the manufacture. testing \)r . -
disposal of so lid rocket propellant. the manufacturing of perchlorate. use of perchlorate in 
industry or the application of a perchlorate containing fertilizers on small aLTeages. 
:.ionpoint or distributed sources could result from the application of perchlorate 
containing lertilizers over large acreages. 

Tn the subsurface, the perchlorate ion behaves as a conservative tracer because it resides 
entirely in the aqueous phase. It does not bind to mineral matter because of its negative 
ChL'1fge. As a resul~ the center of mass of a perchlorate ion plume travels at the mean 
velocity of groundwater. In a fractured aquifer that is heing pumped, this may lead to 
rapid spreading of perchlorate contamination due to the high ground water velocities. 

nle perchlorate ion can be broken down microbially through reductive dechlorination; 
however, this is not expected to occur in aquifers because of the typically high redox 
potential of groundwater. Theretore, perchlorate in a groundwater system can only he 
removed by natural discharge or by groundwater extraction providing a continuing source 
does not exist. 

Residential Well. Soil and Groundwater Sampling 
To date, over 150 residential wells sUITOUlJding Municipal \Vell 1O have heen sampled. 
Perchlorate ion was t(mnd above the detection limit in wells over two miles west of 
Municipal Well 10. Most of the wells sampled are located west of the Garden State 
Park~ay. Of the wells sampled. approximately 7Y'lc had a perchlorate concentration that 
exceeded the method detection limit with concentrations up to 110 ~lg/L. Ten residential 
wells had a perchlorate concentration exceeding the EPA's Drinking \Vater Equivalent 
Level (DWEL) of 24.5 ~!glL. 

A consultant to the Borough of Park Ridge conducted soil and grOlwJwater sampling in 
the shallow nnconso lidated aquifer on the Bel Fiore Nursery propeny. Direct push W;JS 

used to install tt~mr temporary monitoring \veUs. A. soil and a groundwater sarnple were 
OJ lIt-eted from each well k)catioll. The analytical results indicated that perchlorate in 
'.!foundw;:lter \vas less than ()r eyuaI to 1.3 )1g/L \;vhich is significantly htluw 
'';,)Jlcentratiolls t()Und in the incal wells. The perchlorClte concentration in the suil ':;ample::; 
'xere cllll'X:low the method detection limit. 

Potentia] Source. Evaluation 
For ~he Bel Fiore .\Jursery to he il significant active S()llfCe comrihutoL evidence \,f 
comamination must be present ill the p:lthway which is through the ')\(,.:rhurdell into [he 
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hedrc'ck. It is iInprohubk tbat the Bd fiore ~ursery lS a significaut ~,(tive contributor to 
the bedrock aquifer contamination due to the iow leYt Is of perchlorate in the groundwater 
\)1' the sl13.11ow ()verburden aquifer :md the fact that it \vas not detected in the soil beneath 
tbe property. If Bel Fiore ~ursery 'xas the only source of contamination then perchior:lte 
levels in the nverburden groundwater :rt this location \vould he expected to be much 
higher than in the residential weHs, which was not the case. 

Other potential feliilizer sources include the t<:mner Tice Fann and fonner Van Riper 
operations. 111e Tice Farm was located west of the Garden State Parkway in the area ()f 
the bighest perchlorate bTJDundwater concentrations. 

rt should also be noted that much of the cutTent Bergen County's residential areas were 
apple orchards until the early 196Os, and the perchlorate ion contamination could he a 
plume from a distributed legacy source due to historical fertilizer applications. Due to 
the nature of the contaminant and the hedro<.:k aquifer properties, distant military 
installations or industries that used per<.:hlorate may be responsible contributors to the 
plume. 

Conclusion 
Based 011 the available data it appears unlikely that the Bel Fiore Nursery is the only 
contrihutor or even a significant contrihutor to the perchlorate ion contamination of the 
bedrock aquifer in the suhject area of Bergen County. Other potential fertilizer sources 
include the former Tice Farm, and the former VanRiper agricultural operations, or some 
other Jegacy nonpoint source·from historically applied fertilizer. Based on the 
cOIL.;;ervative properties of perchlorate and the high ground water velocities in fractured 
rock aquifer, distant agri<.:ultural or nonagricultural sources may also be contlihutors. 
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ATSDR Record of Activity 

UID #: Date: June /~/ 2005 Time: 9:00 am pm X 

Site Name: Woodcliff City: Woodcliff Cnty: Bergen State: NJ 

CERCLIS #: Cost Recovery #: Region:..!..!. 
Site Status (1) NPL Non-NPL RCRA 
specific. 
Other X 

Federal (2) Emergency Response 
Non-Site 
Remedial 

Incoming Call 
Outgoing Call 

Conference Call 
Training 

Activities 
_ Public Meeting 

, 
Health Consult 

, 

Other Meeting Health Referral 
Data Review X Written Response 

_ Incoming Mail Other 

Site Visit' 
Info Provided 

Requestor and Affiliation: (1) Thomas Budroe EPA OSC REG II 
Phone: Budroe.Thomas@epamail.epa.gov 
City: Edison State: 

Code: 

(31) Leah Escobar 
Contacts and Affiliation 
ATSDR DRO Region II 

2-USCG 3-0THER FED 4-STATE ENV 

Address: 
NJ Zip 

5-STATE HLT 

6-COUNTY HLTH 7-CITY HLTH 8-HOSPITAL 9-LAW ENFORCE lO-FIRE DEPT 

II-POISON CTR 12-PRIV CITZ 13-0THER 14-UNKNOWN IS-DOD 

16-DOE 

21-INTL 

26-ARMY 

31-ATSDR 

17-NOAA 

22-CITZ GROUP 

27-NAVY 

-- --

Health Assessment 
Petition Assessment 
Emergency Response 

x Health Consultation 

18-0THR STATE 19-0THR COUNTY 20-0THR CITY 

23-ELECT. OFF 24-PRIV. CO 25-NEWS MEDIA 

28-AIR FORCE 29-DEF LOG AGCY 30-NRC 

. 

Program Areas 
Health Studies Tox Info-profile Worker Hlth 
Health Survellnc Tox Info-Nonprofil Admin 
Disease Regstry Subst-Spec Resch Other 
Exposr Regstry Health Education 

Narrative Summary: The US Environmental Protection Agency 
(EPA) Region II Removal Branch has requested the Agency for 
Toxic Substances and Disease Registry (ATSDR) to provide a 
health guidance value that can be used to evaluate 
potential human exposure to perchlorate present in 
groundwater near Woodcliff I NJ. EPA has stated that two 
municipal wells and an unknown number of private wells draw 
water from a perchlorate contaminated aqu'i fer. The 
perchlorate contamination is believed to have come from 



2.8032 

Chilean nitrate fertilizer that was stored at a plant 
nursery in the area. EPA is in the process of gathering 
information needed to determine the extent of the 
contamination and characterize potential exposures. Well 
sampling results have not yet been provided to ATSDR. 

Because of the potential need for corrective actions under 
the their Removal Program, EPA is considering various risk 
management strategies. In order to identify appropriate 
technologies and costs associated with the various 
strategies, EPA must identi fy a perchlorate concentration 
in drinking water that is believed to be without adverse 
health effects to humans. 

EPA has adopted a Reference Dose (RfD) of 0.0007 mg/kg per 
day (EPA, 2005). ATSDR is in the process of developing a 
Toxicological Profile for Perchlorates (ATSDR, 2005 In 
Preparation) and a Minimal Risk Level. However, the 
Toxicological Profile has not yet been finalized. The 
National Research Council (NRC) has assessed the health 
implications of perchlorate ingestion and issued a final 
report (National Research Council, 2005). In the report, 
the NRC reviewed the current state of the science regarding 
potential adverse health effects of perchlorate exposure. 
The report evaluated human clinical and epidemiological 
studies as well as the relevance of animal toxicology 
studies in predi~ting adverse effects in humans, especially 
sensitive populations. 

The relevant NRC conclusions and rationale supporting the 
them are presented below. 

1. Animal data should not be used as the basis for a 
perchlorate risk assessment. Inhibition of iodide uptake 
by the thyroid in humans, which is the key biochemical 
event in perchlorate toxicity, should be used as the basis 
of the risk assessment. Inhibition of iodide uptake is a 
reliable and valid measurei it has been unequivocally 
demonstrated in humans exposed to perchlorate, and it is 
the key event that precedes all thyroid~mediated effects of 
perchlorate exposure. The NRC concluded that the first 
adverse effect in the continuum of perchlorate effects 
would be hypothyroidism. Any effects that would follow and 
result from hypothyroidism clearly would be adverse. In 
their Perchlorate Risk Assessment (2002) I EPA defined 
changes in serum thyroid hormone and Thyroid Stimulating 
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Hormone (TSH) as adverse effects. The NRC did not agree 
that transient changes in serum thyroid hormone or TSH 
concentrations are necessarily adverse effects; they were 
determined to be biochemical changes that would precede 
adverse effects. The NRC acknowledged differences in their 
position with the EPA approach to developing RfDs. The NRC 
recommended using a nonadverse effect rather than an 
adverse effect, which is normally used in the RfD 
development process, as the basis for the perchlorate risk 
assessment. 

2. The study by Greer et al. (2002) is most appropriate 
study for use in a perchlorate risk assessment. In the 
study, groups of healthy men and women were administered 
perchlorate at 0.007-0.5 mg/kg per day for 14 days. The 
study identified a no-observed-effect level (NOEL) for 
inhibition of iodide uptake by the thyroid at 0.007 mg/kg 
per day. This NOEL value is consistent with other clinical 
studies that have investigated iodide uptake inhibition by 
perchlorate. This value is a health-protective and 
conservative point of departure supported by the results of 
a 6-month study of 0.007 mg/kg per day in a small group of 
healthy subjects, a 4-week study of higher doses in healthy 
subjects, studies of perchlorate treatment of patients with 
hyperthyroidism, and extensive human and animal data that 
demonstrate that there will be no progression to adverse 
effects if no inhibition- of thyroid uptake occurs. 

3. The development of thyroid tumors, as an ultimate result 
of perchlorate-caused inhibition of thyroid iodide uptake, 
is unlikely in humans. Thyroid iodide uptake inhibition is 
the only effect that has consistently been documented in 
humans exposed to perchlorate. 

4. The NRC recommended a total uncertain factor of 10 to 
use as an intraspecies factor to protect the most sensitive 
population - the fetuses of pregnant women who might have 
hypothyroidism or iodide deficiency. No additional factors 
were recommended for duration or database uncertainties. 

5. The NRC recommendations would lead to a health guidance 
value of 0.0007 mg/kg per day for ingestion of perchlorate. 
This value is appropriate for chronic (>365 days) exposures 
and is the same value EPA has adopted for its RfD (EPA, 
2005) . 
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Action Required/Recommendations: 

In estimating a drinking water concentration of perchlorate 
that would be expected to be protective of public health at 
the Woodcliff Lake site, ATSDR assumed the following: 

-health guidance value of 0.0007 mg/kg 
-70 kg adult/2 liters of water consumed per day 

Using these assumptions, ATSDR has calculated a perchlorate 
concentration in drinking water of 24.5 ~g/L. 

ATSDR proposes 24.5 ~g/L as a level that should be 
protective of all residents, including the most sensitive 
populations (i.e. pregnant mothers and their developing 
fetus, a~ well as other sensitive populations), drinking 
perchlorate-contaminated water from the Woodcliff, NJ 
perchlorate site. These assumptions and calculations are 
consistent with positions being taken by EPA and ATSDR. 

In proposing the 24.5 pg/L value, ATSDR assumes that those 
drinking perchlorate contaminated water from the Woodcliff, 
NJ perchlorate site receive no other exposures to 
perchlorate. If the EPA identifies any other sources of 
exposure, such as milk or crops (e.g. lettuce) irrigated 
with perchlorate-contaminated groundwater, the proposed 
value may not be protective of health and will need to be 
reevaluated. 

ATSDR intends this consultation to apply only to the 
Woodcliff, NJ perchlorate site. The proposed value is not 
intended to supercede or take the place of any Maximum 
Contaminant Levels (MCLs) or other regulatory or health 
guidance values that may be developed by EPA. ATSDR plans 
to release the Toxicological Profile for Perchlorate for 
public comment within the next few months. Finally, 
additional or new information or data pertaining to 
perchlorate toxicology or the Woodcliff Lake site may 
become available which would also require ATSDR to modify 
or update its proposed value. 

Signature: C:~rZ ~ ~ Date: ,It-Qlob 
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Lieutenant Commander, US Public Health Service 
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Emergency Response Team 
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Mike Allred, Ph.D. (770-488-3344) 
Team Leader 
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Attached please find the October 2006, potable well sampling report for perchlorate analysis at 
the Bergen Perchlorate Ion site in Saddle River and Upper Saddle River, Bergen County, New 
Jersey. In an effort to save paper, the quality assurance project plan (QAPP) is not included, 
however, the QAPP amendment is attached as Appendix B. A full QAPP can be furnished upon 
request, if necessary. If you have any questions, please contact me at (732) 321-4423. 

Attachment 

REGION II FORM 1320·1 (9185) 
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1.0 BACKGROUND 

The Borough of Park Ridge operates a water system which serves the Boroughs of Park 
Ridge and Woodcliff Lake, New Jersey. Water is supplied to this system through the 
pumping of 17 active wells located throughout the service area. The wells serve as the only 
source of water to this system. 

In 2003, Park Ridge was required to collect samples for perchlorate analysis as part of the 
federally-mandated Unregulated Contaminant Monitoring Rule (UCMR) requirements. The 
initial UCMR sampling was conducted at five representative points in the water supply 
system. Perchlorate was detected at the combined treatment system serving supply wells #9 
and #15 at Old Mill Park in the Borough of Woodcliff Lake. One sample had the result of 13 
parts per billion (ppb) ofperchlorate. As a result, the Board of Public Works, tested all 17 
water sources in the Park Ridge water system for perchlorate. Perchlorate was also found at 
Park Ridge Well #10 located on Glen Road in Woodcliff Lake at a result of23 ppb. 

In July 2004, the Board of Public Works (Board) removed Well #10 from service and placed 
well #15 into "contingency" operational mode. The Board directed their engineer, Quad 3 
Group, to initiate the design oftreatment systems for wells 10 and 15 and their hydrogeology 
consultant, Leggette, Brashears & Graham, Inc. (LBG) to conduct an investigation into the 
potential perchlorate source. On July 24, 2004, The Board filed a Spill Fund Claim with the 
New Jersey Department of Environmental Protection (NJDEP) Environmental Claims 
Administration requesting funding for the construction of a perchlorate treatment system for 
wells 10 and 15. 

On August 05, 2004, NJDEP responded with a recommendation to "minimize the use" of 
wells 10 and 15, investigate options for treatment 0 f the wells and file a damage claim with 
the Spill Fund for reimbursement of remediation costs. LBG began the source investigation 
by attempting to identifY any operations or disposal areas within the capture zones. No such 
operations were identified. They collected a series of ground water and surface water 
samples in the vicinity of Wells 10 and 15. Water samples were collected from nearby private 
wells and local springs and streams for perchlorate analysis. The highest result was found in 
the ground water near Well #10. A greenhouse operation was found in close proximity to 
Well #10. LBG collected samples ofsolid fertilizer and dissolved fertilizer solutions from the 
greenhouse. The highest concentration was found to be 535,000 ppb in a fertilizer identified 
as Scotts Peters Professional Pansy Salvia and Vinca formula. 

Sampling ofnearby residential wells along County Road found significant concentrations of 
perchlorate. The NJDEP continued the sampling ofthe residences in the vicinity and beyond 
the possible greenhouse source. They collected potable well samples in August, October, 
November and December of2004 as well as January, February, March, July and August of 
2005. The results varied from non-detect to 91 ppb of perchlorate. In June 0[2005, the 
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NJDEP requested the USEP A to continued to investigate the perchlorate contamination at 
the Bergen Perchlorate Ion Site and to provide alternate water for impacted homes 
through point-of-entry treatment units or waterline extensions on an accelerated basis. An 
action level of24.5 ppb has been designated by the EPA and the Agency for Toxic 
Substance and Disease Registry to determine if a residence requires a potable well 
treatment system. 

The Division of Environmental Science and Assessment (DESA), Hazardous Waste Support 
Branch (HWSB), Superfund Support Team (SST) was requested by U.S. EPA ERRD 
Removal Action Branch to sample residential wells that have had elevated concentrations of 
perchlorate found during previous sampling events. 

2.0 SAMPLING PROCEDURES 

The sampling procedures were in accordance with the guidelines set forth in the Quality 
Assurance Project Plan (QAPP) which is located in Appendix B. 

3.0 DESCRIPTION OF EVENTS 

On October 17, 2006, a sampling team consisting of one member from the U.S. EPA, 
DESA, HWSB, SST and the on-scene coordinator (OSC) arrived on site in Upper Saddle 
River. They attempted to obtain access with residents that have not been reached by 
telephone. However, at their first location, 198 Chestnut Ridge Road in Saddle River, the 
resident was available at that time only. They collected a pre-treated sample from the 
basement pressure tank after a five minute high flow purge at 1825. See the Potable Well 
Data Sheet in Appendix D for more information. The signed access agreement can be 
found in Appendix E. 

On October 18, 2006, the same personnel continued sampling at the Bergen Perchlorate 
Ion Site. Prior to collecting every field sample, the EPA asked the resident to sign a 
"Consent for Access to Property" form. The fonns can be found attached as Appendix E. 
The sampling consisted ofpurging the residence's potable water for ten minutes ftornthe 
most accessible untreated water location. Each sample was run through a filter prior to 
collection into a sterile polypropylene container. A Potable Well Data Sheet containing 
any available well information as well as the sampling data can be found as Appendix D 
for each resident. The following table shows the EPA's sample locations, numbers, 
purging times and sample times for October 18, 2006. 

2 
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Location Sample Purge Time Sample Location Sample 
Number time 

0928 - 0938 Outside hose spigot, left side of 0939 
residence 

1018 - 1028 Kitchen sink tap in island 1029 

1039 - 1049 Outside spigot, left side of 1050 
residence 

1111-1121 Outside spigot, back of 1122 
residence 

T 1111-1121 Outside spigot, back of 1122 
residence 

1134- 1144 Kitchen sink tap 1145 

1306 - 1316 Outside spigot, back of 1317 
residence 

1418 - 1428 Basement spigot, prior to 1429 
treatment 

1510 - 1515 Basement spigot, prior to 1516 
treatment 

1550 - 1600 Front yard spigot 1601 
-~ - .. -.. -~ .. -.-... - .. - .. -----.- .... - ,~ - -

The sampling event was complete for the EPA personnel for October 18, 2006 and they 
secured the samples with custody seals and held them overnight on ice. On October 19, 
2006, the EPA personnel were contacted by the resident at 27 Coltsfoot Glen and 
returned to the site to collect a sample. The EPA initially collected a field blank sample, 
FB-Ol, at 0830 by running analyte-free deionized water through a filter and into a sterile 
container for perchlorate analysis. They then purged an untreated kitchen tap at 27 
Coltsfoot Glen for ten minutes and collected the sample at 1153. Refer to the Potable 
Well Data Sheet in Appendix D for more information. 
All ofthe samples for perchlorate ion analysis were shipped to the U.S. EPA Region 1 
New England Laboratory at 1700 hours on October 19, 2006. The trip report with 
shipment information can be found as Appendix F. A description ofthe sampling 
procedure can be found in the Quality Assurance Project Plan (QAPP) amendment in 
Appendix B. All samples were analyzed in accordance with U. S. EPA, Region 1 
Standard Operating Procedure for the Analysis of Perch 10 rate in aqueous Samples by 
HPLCIMSIMS, EIASOP-LCMSCI04WI which can be found in the QAPP in Appendix 
B. The results can be found in Table 2 on page 5 and the raw data is presented as 
Appendix C. 
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4.0 RESULTS 

The field blank was taken for quality control (QC) and to detennme if any outside 
contamination was introduced to the samples. Perchlorate was not found in the blank 
sample. A field duplicate sample was collected for laboratory quality control. As can be 
seen from Table 2 on page 5, there is a three percent relative percent difference between 
the duplicate and the original sample. The field Quality Assurance/Quality Control sample 
data can be found in Table 1 on page 5. The New England Laboratory's validation 
produced the following results; the matrix spike percent recovery, laboratory duplicate 
relative percent difference, the laboratory fortified blank percent recovery and the quality 
control sample were within the QC limits. Therefore, none of the samples were estimated 
or rejected. All of the data is therefore, usable to make decisions. 

Samples were collected from the towns of Upper Saddle River, Saddle River and 
Woodcliff.Lake in Bergen County. Every residence sampled during this round was found 
to be above the action level of24.5 f1g!L or parts per billion (ppb). The highest 
perchlorate ion result was found at a level of95 ppb at 28 County Road in Woodcliff Lake 
which is located just to the west of the potential fertilizer source. A level of91 ppb was 
found at 2 Dimmig Court in Upper Saddle River which is also to the west of a potential 
source. 

5.0 CONCLUSION: 

Eleven (11) samples were collected from residences during this sampling event. The 
samples were analyzed for perchlorate ion according to with U.S. EPA, Region I 
Standard Operating Procedure for the Analysis of Perchlorate in aqueous Samples by 
HPLCIMSIMS, EIASOP-LCMSCI04Wl. The area showing the highest contamination is 
located on the short stretch of County Road and on Dimmig Road and Court. A 
detennmation needs to be made as to what remedy is applicable. Table 2 on page 5, 
contains the numerical results detected in each sample. The raw data can be found in 
Appendix C. 

4 
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TABLE 1 
QA/QC SAMPLE DATA 

TYPE OF ANALYSIS SAMPLE NUMBERS 
SAMPLE 

Field Blank Perchlorate Ion FB-OI 
-

Field Duplicate Perchlorate Ion I -

TABLE 2 
SAMPLE SUMMARY 

Sample Location I Sample Analysis Concentration QC 
Numbers (llgIL) 

Perchlorate Ion ND 
Perchlorate Ion 37 
Perchlorate Ion 47 
Perchlorate Ion 41 

. 

Perchlorate Ion 95 
Perchlorate Ion 91 

Perchlorate Ion 88 
Perchlorate Ion 16 
Perchlorate Ion 17 
Perchlorate Ion 42 

Perchlorate Ion 44 
Perchlorate Ion 33 
Perchlorate Ion 39 

5 
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APPENDIX B 

Quality Assurance Project Plan 

for the 

Bergen Perchlorate Ion Site 

Amendment 
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AMENDMENT TO: 

QUALITY ASSURANCE PROJECT PLAN (QAPP) 

FOR THE 

REMOVAL INVESTIGATION 

ATTHE 

BERGEN PERCHLORATE ION SITE 

IN THE 

BOROUGHS OF PARK RIDGE AND WOODCLIFF LAKE, BERGEN COUNTY, 
NE\V JERSEY 

Dated October 25, 2005 

Pmject Of:icer's Sign<lture: . Date: t CJ l lO(Gl.. 

Project Officer's Name: . Diane Salkie, Environmental Scientist . 

Pmject Quality Assurance Officer's Signature: ~Date: /0 It z:.. /lJ b 

Project Qu:liity Assurance Officer's Name: Pat Sheridan, QA Officer 

Date Prep(,red: October 10,2006 
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4.0 SAMPLlI\C PROCEDURES 

4.1 Sampling Process Design 

As part of the removal investigatlon process, U.S. EPA Region n DESA/HWSB/SCST 
pel'sonne! will conduct a potable well sampling event in the vicinity of the Bergen 
Perchlorate Ion site. See the figure in Appendix A for a map of the site. The samples 
will be collected in accordance with U.S. EPA Region II, DESA/HWSB/SCST Standard 
OjJeralillg Procedure for Potable Well Water Sampling dated July 2004 which can be 
found as Appendix D. Based on potable well sample results attained by the New Jersey 
DCpalil11el1t of Environmental Protection, a number of residences exceeded the action 
level of 24.5 ,Ug/L. The data was collected over six months ago and needs to be verified 
prior [0 il1sttllation of a treatment system due to temporal changes. 

There are a total of 15 homes proposed for sampling. The number may change, however, 
based 011 the availability of the residents. The total samples collected by the U.S. EPA 
include a maximum of fifteen (15) environmental samples, one (I) field replicate (i.e., 
laburatory Ciliality control sample), and one (1) field blank sample will be collected. The 
samples will be submitted to the EPA Region I New England Laboratory at the 
conclusion of the week or the sampling event and wi)l be an:llyzed according to U.S. 
EPA, Region I Stondard Operatillg Procedure for the Analysis of Perchlorate in 
aqueous SCif71ples by HPLCIMS/MS which can be found as Appendix C. 

-----... - .. --~.- .... -

TABLE I 
Bergen Perchlorate Ion Site 

Removal Investigation 
Sampling and Analysis Protocols 

Sample Laboratory Number or M"trix ParamelGrl Sample Container' Sample Analytical Quantilation 
Type Saillpics Fractioll Preservation Method Limit 

Potable I::I'A 17* Aqu~ous Perchlorate (I) 60 ml. Sl-:ri Ie Cool to 4°C EIASOP- 0.2 figiL 
Well l~cgiol1 I po Iypropy lene LCMSCIO-lWI 

container 

Lq!.cnJ: 
I The nUl1lber in parcnlhe,cs in the "Sample: Container" column denotes the number or containcrs needed. 

Holding 
Time2 

28 days 

All sampic b,Jltles comply wilh OSWER Di,'eclivc #024(i.{1-0'iA. -'fleet/inJli,,".\' illid C;uidul1cejbr oDIC/initl.: Con/alllillCllII,Free Cunlainers. EPA 540/R· 

, 
* 

9.11051 
All holding lilllc'S lisled :Ire Cllntraelu:ti flolding Times and ale 110m the dJte or Verified Time of Sample Receipt (VTSR) 
The number <ll' ,alllple, ind,c"tccl includes three licld rcplicak samples, Ihree PE samples and three MS/MSD samples for the EPA laboratory. 

4.2.2 Sample collection methodology 

All samples including QAIQC samples, will be collected by personnel from the USEPA 
Region II DESA/HWSB/SCST lI'om lip to 12 residents in the viclllity of the Bergen 
Perchlol-ate Ion site. The total number of samples includes: twelve (12) environmental 
samples, one (I) field replicate (laboratory quality control sample), and one (1) field 
blank (field quality control sample). As previously stated, the sampling will be 
conducted in accordance with U.S. EPA Region II, DESA/HWSB/SCST Standard 

--~-.--.~ 
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&EPA 
Region 1, New England 

October 26, 2006 

Ms Diane Salkie 

US EPA Region 2 

2890 Woodbridge Ave 

Edison. NJ 08837-3602 

Phone: (732) 906 - 6868 

Project Number: 06100044 

United States Environmental Protection Agency 
Office of Environmental Measurement & Evaluation 

11 Technology Drive 
North Chelmsford, MA 01863-Z431 

Laboratory Results 

Project: 

Analysis: 
Bergen Perchlorate Ion Site 

Perchlorate in Water by HPLClMSlMS 

Analyst: Peter Philbrook I'm ~-L 
t " 2(. . 0 '" 

Analytical Procedure: 

All samples were received and logged in by the laboratory according to the USEP A New England SOP for 
sample Log-In. 

Sample preparation and analysis was done following the EPA Region I SOP, LCMSCl04W2. 

2.9UD 

Perchlorate was detennined using a High Perfonnance Liquid Chromatography! Tandem Mass Spectrometry 
(HPLC MSfMS) technique. The system consists of a Thenno Surveyor HPLC system linked to a Thenno Finnigan 
LCQ Deca Ion Trap Mass Spectrometer. 

Samples were directly injected into the HPLC, and separation was achieved using a Dionex IonPac AS21 2.1x150 
mm HPLC column. 

Analysis was perfonned following EPA Method 331.0, "Detennination of Perchlorate in Drinking Water by Liquid 
Chromatography Electrospray Ionization Mass Spectrometry", Revision 1.0 January 2005. This method was 
developed by the US EPA Technical Support Center, Office of Groundwater and Drinking Water Cincinnati,Ohio 

Date Samples Received by the Laboratory: 10120/2006 

Results relate only to the items tested or to the samples as received by the Laboratory. This analytical report shal1 not be 
reproduced except in full, without written approval of the laboratory. 

If you have any questions please calJ me at 617-918-8340 . 

Sinc/7Y' 

j/~~L /to 7}t 
Daniel N. Boudreau 
Chemistry Team Leader 
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B= 
ND= 
RL== 
S= 
E= 
L= 
MRL= 
CNBD= 

p= 

DATA QUALIFIERS 

The analyte is associated with laboratory blank contamination 
None detected above the reporting limit 
Reporting limit 
Suspect Matrix, Low internal standard recovery, result is suspect 
Estimated value 
Estimated Value, Result is below the MRL 
Minimum reporting level 
Sample result could not be determined. Typically matrix related effects which 
caused low or no recovery of the internal standard, or the sample could not be 
run on the instrument See sample specific comments. 
Estimated value due to improper sample preservation 



Matrix; Potable water 

Sample Number LabID 

AA66630 

AA6663 1 

AA66632 

AA66633 

AA66634 

AA66635 

US ENVIRONMENTAL PROTECTION AGENCY 
NEW ENGLAND LABORATORY 

Bergen Perchlorate [on Site 

Perchlorate in Water by HPLCIMSIMS 

Collection 
Date 

Analysis 
Date 

10/1812006 10/2512006 

1011812006 1012512006 

10/18/2006 10/2512006 

1011812006 10/2512006 

10/17/2006 10/2512006 

10/1812006 10/25/2006 

Concentration 
ugIL 

16 

44 

42 

47 

37 

88 

RL 
ugIL 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Dilution 

20 

20 

20 

20 

20 

20 

2.9017 

Data 
Qualifier 

Page 3 of5 
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Matrix: Potable water 

Sample Number Lab ID 

AA66636 

AA66637 

AA66638 

AA66639 

AA66640 

AA6664I 

US ENVIRONMENTAL PROTECTION AGENCY 
NEW ENGLAND LABORATORY 

Bergen Perchlorate Ion Site 

Perchlorate in Water by HPLCIMSfMS 

Collection 
Date 

Analysis 
Date 

10118/2006 10/2512006 

10118/2006 10/2512006 

10/1812006 10/25/2006 

10/18/2006 1012512006 

10/18/2006 1012512006 

10119/2006 10125/2006 

Concentration 
ugIL 

95 

33 

91 

17 

41 

ND 

RL 
ug/L 

4.0 

4.0 

4.0 

4.0 

4.0 

0.20 

Dilution 

20 

20 

20 

20 

20 

Data 
Qualifier 

Page 4 of5 



Matrix: Potable water 

Sample Number LabID 

AA66642 

US ENVIRONMENTAL PROTECTION AGENCY 
NEW ENGLAND LABORATORY 

Bergen Perchlorate Ion Site 

Perchlorate in Water by HPLCIMSIMS 

Collection 
Date 

1011912006 

Analysis 
Date 

10/2512006 

Concentration 
ugIL 

39 

RL 
ugIL 

4.0 

Dilution 

20 

2.9019 

Data 
Qualifier 

Page 5 01'5 
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SAMPLEID 

AA66641 

Comments: 

US ENVIRONMENTAL PROTECTION AGENCY 
NEW ENGLAND LABORATORY 

LABORATORY FORTIFIED SAMPLE MATRIX (LFSM) RESULTS 

PARAMETER 

Perchlorate 

Bergen Perchlorate Ion Site 

SPIKE 
ADDED 

ug/L 

1.00 

SAMPLE 
CON CENTRA TION 

ug/L 

ND 

MS MS 
CONCENTRATION % 

ug/L REC. 

0.89 89.0 

QC 
LIMITS 
(% REC) 

80 - 120 

QC Page I of4 



SAMPLE ID PARAMETER 

AA66642 Perchlorate 

Comments: 

US ENVIRONMENTAL PROTECfION AGENCY 
NEW ENGLAND LAB ORA TORY 

Laboratory Duplicate Results 

Bergen Perchlorate Ion Site 

SAMPLE 
RESULT 

uglL 

39 

SAMPLE DUPLlCA TE 
RESULT 

ugIL 

37 

PRECISION 
RPD 

% 

5.3 

2.9021 

QC 
LIMITS 
(%RPD) 

20 

QC PageZof4 
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High Level 

PARAMETER 

Perchlorate 

Comments: 

Low Level 

PARAMETER 

Perchlorate 

Comments: 

US ENVIRONMENTAL PROTECTION AGENCY 
NEW ENGLAND LABORATORY 

LowlHigh Laboratory Fortified Blank (LFB) Results 

LFBAMOUNT 
SPIKED 

uglL 

2.00 

LFBAMOUNT 
SPIKED 

ug/L 

0.20 

Bergen Perchlorate Ion Site 

LFB 
RESULT 

ugIL 

2.02 

LFB 
RESULT 

ugIL 

0.18 

LFB 
RECOVERY 

% 

101 

LFB 
RECOVERY 

% 

90.0 

QC 
LIMITS 

% 

80 - 120 

QC 
LIMITS 

% 

50 - ISO 

QC Page 3 of4 



PARAMETER 

Perchlorate in Water by HPLCIMSIMS 

Comments: 

US ENVIRON~ENTAL PROTECTION AGENCY 
NEW ENGLAN'D LABORATORY 

Quality Control Sample (QCS) Results 

Bergen Perchlorate Ion Site 

QCS 
RESULTS 

ugiL 

7.4 

TRUE 
VALUE 

ug/L 

8.61 

CONTROL 
LIMITS 

ugIL 

6.89 - 10.33 

2.9023 

QC Page 40f4 
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POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate [on Site 

ADDRESS: 

OWNER: ~ 

DATE: 1011 7/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Basement spigot, prior to treatment, after pressure tank 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 m!. container 

BEGIN PUGE TIME: 1816 END PURGE TIME: 1821 

SAMPLE COLLECTION TIME: 1822 

WATER TREATMENT DESCRIPTION: UV, softener and particulate filter 

WELL INFORMATION: 300 feet, pump at 280 feet 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTS/WEATHER: Purged at high pressure/ Rain 

2.9025 
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POT ABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADDRESS 

OWNER: , 

DATE: 10118/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Outside spigot, on left side of house 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mt. container 

BEGIN PUGE TIME: 0928 END PURGE TIME: 0938 

SAMPLE COLLECTION TIME: 0939 

WATER TREATMENT DESCRIPTION: Softener 

WELL INFORMATION: 125 feet 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTS/WEATHER: Warm and cloudy 70° F 



POTABLE WELL DATA SHEET 

SITE NAME: J3ergen PerchlQrate Ion Site 

ADDRESS 

OWNER: 

DATE: 10118/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Kitchen sink tap, on island in center of kitchen 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mi. container 

BEGIN PUGE TIME: 1018 END PURGE TIME: 1028 

SAMPLE COLLECTION TIME: 1029 

WATER TREATMENT DESCRIPTION: None 

WELL INFORMATION: 220 feet, 1 horsepower pump 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEATHER: Warm and cloudy, 70° F 

2.9027 
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POT ABLE WELL DA T A SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADDRES~ 

OWNER: 

DATE: 10/18/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Outside spigot, left side of house 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 m!. container 

BEGIN PUGE TIME: 1039 END PURGE TIME: 1049 

SAMPLE COLLECTION TIME: 1050 

WATER TREATMENT DESCRIPTION: None 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEATHER: Resident not homelWarm and cloudy, 70° F 



POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate [on Site 

ADDRESS: 

OWNER:~ 

DATE: 10118/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Outside spigot, back of house 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mt. container 

BEGIN PUGE TIME: JJll END PURGE TIME:~ 

SAMPLE COLLECTION TIME: 1122, duplicate - 1052 

WATER TREATMENT DESCRIPTION: None 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEATHER: Warm and cloudy, 70° F 

2.9029 
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POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site DATE: 10/18/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Kitchen sink 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mI. container 

BEGIN PUGE TIME: 1134 END PURGE TIME: 1144 

SAMPLE COLLECTION TIME: 1145 

WATER TREATMENT DESCRIPTION: None 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTS/WEATHER: Warm and cloudy, 70° F 



POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADDRl 

OWNER 

DATE: 10118/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Outside, bypass spigot, back of house 

SAMPLE NUMBER 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mI. container 

BEGIN PUGE TIME: 1306 END PURGE TIME: 1316 

SAMPLE COLLECTION TIME: 1317 

WATER TREATMENT DESCRIPTION: Softener and particulate filter 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEA THER: Resident not homelW arm and sunny, 70° F 

2.9031 
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POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADD 

OWl' 

DATE: 10/18/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Basement spigot, prior to treatment 

SAMPLE NUMBER 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 m!. container 

BEGIN PUGE TIME: 1418 END PURGE TIME: 1428 

SAMPLE COLLECTION TIME: 1429 

WATER TREATMENT DESCRIPTION: Water filter and softener 

WELL IN FORMA TION: 101 feet, pump at 30 - 50 feet 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEATHER: Warm and sunny, 70° F 

~ 



POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADD 

OWl' 

DATE: 10/18/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Basement spigot, prior to treatment system 

SAMPLE NUI\ 

ANAYLSIS: PecWorate Ion 

BOTTLES: 1, sterile, 25 m!. container 

BEGIN PUGE TIME: 1510 END PURGE TIME: 1515 

SAMPLE COLLECTION TIME: 1516 

WATER TREATMENT DESCRIPTION: Softener 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTS/WEATHER: Purged at high flowlWarm and sunny, 70° F 

2.9033 
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POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site 

ADDR 

OWNE 

DATE: 10118/06 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Front yard spigot, no treatment 

SAMPLE NUMBER: 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mI. container 

BEGIN PUGE TIME: 1550 END PURGE TIME: 1600 

SAMPLE COLLECTION TIME: 1601 

WATER TREATMENT DESCRIPTION: Softener 

WELL INFORMATION: Unknown 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTS/WEATHER: Warm and sunny, 70° F 



POTABLE WELL DATA SHEET 

SITE NAME: Bergen Perchlorate Ion Site DATE: 10/19106 

SAMPLING PERSONNEL: Diane Salkie and Thomas Budroe 

SAMPLE LOCATION: Separate, side kitchen sink without treatment 

SAMPLE NUMBE 

ANAYLSIS: Pechlorate Ion 

BOTTLES: 1, sterile, 25 mI. container 

BEGIN PUGE TIME: 1142 END PURGE TIME: 1152 

SAMPLE COLLECTION TIME: 1153 

WATER TREATMENT DESCRIPTION: Culligan softener 

WELL INFORMATION: 245 feet 

SAMPLE CHARACTERISTICS: Clear, no odor 

COMMENTSIWEATHER: Warm and sunny 

2.9035 
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Site Name: 
SampJ ing Date: 

SAMPL[NG TRIP REPORT 

Bergen County Perchlorate Ion Site 
October 17 - 19,2006 

2.9037 

Site Location: Upper Saddle River and Saddle River, Bergen County, New Jersey 

Sample Descriptions: 

Refer to Tlble I for sample descriptions. 

Laboratories Receiving Samples: 

Sample Type Laboratory Name and Addl'ess of Laboratory 
Code 

Pelch Im.ltc EI'A-NE U.S. EPA Region I New England 
Laboratory 
11 Technology Drive 
North ChellllsftJrd, MA 01863 .-

4. Sample Dispatch Data: 'i) 

On OClober 17 - 19,2006, eleven (11) aqueous, potable well sampks, including one (I) 
blmd dLLplicate sample were collected from a pre-treated water source in eleven residences in 
the vicinity of the Bergen Perchlorate [on site. In addition one (1) field blank sample was 
colleckd for field quality control (QC). All samples shipped to the Region I New England 
Laboratory for perchlorate ion analysis on October 19, 2006 at·1700. Ali samples were sent 
in one cooler on wet ice via United Parcel Service under tracking mlmber 
I Z06154 721 10000915. The sample collection details can be found on Table 1 and the chain 
of Cllsh)dy record is presented as Appendix A. 

5. Sampling Personnel: 

Naln.~ . Organization Site Duties 
.. 

Diane Salkie USEP A Region II DESA/HWSB Project Manager/Sample 
Superfund Contract Support Team Management 

Tom Budroe USEP A Region I I ERRD On-Scene Coordinator 
Removal Action Branch 

Pat Sheridan USEPA Region II DESAlHWSB Quality Assurance Officer 
Superfund Contract Support Team 

i 

I 
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6. Additi(,nal Comments: 

The number of samples includes: 

12 dqueous SdIl1P/cS including I field duplicate sample (Iabo:-atory quality control 
sall1ple)~ ~lIld 

I tleld bLlIlk (field quality control sample) 

The fo:lowing Sample Numbers were used for laboratory and/or field quality control: 

Statelllent Laboratory Quality Control (QC) Samples Field Quality Control (QC) Samples 
of Matrix Spike (MS)/ Trip Blank 

Work 
(SOW) 

Matrix Spike Duplicate Field Duplicate (Single Blind) 
(MSD) 

Perchlorate I 
EIASOP- FB-OI 

LCMSCI04Wl 

7. Report Prepared By: Diane Sal kie Date: October 23.2006 
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TABLE 1 
SAMPLE DESCRIPTIONS 

BERGEN PERCHLORATE ION SITE 

Sample Sample Collection Sample 
I 

AlUllysis 
Type Date Time 

In Requested 

Potable Well 10117/06 1828 I)erc h lora le 

POlable Well IO/Il)/U6 u939 Perchlorate 

POlable Well 10/18/06 1029 Perchlorate 

Potable Well 10/18/06 1050 Perchlorate 

-1-~ 

Potable Well 101 I SIO/) 1122 Perch 10nHe 

Potable Well 10/18!06 1122 Perch lorate 

Potable Well rOl18/06 1145 Perchlorate 

Potable Well 10/18/06 1317 Perch lorate 

Potable Well 10/18/06 I~U9 Perchlorate 

Potable Well 10118/06 1516 Perchlorate 

Potable Well 10/18/06 1601 Perchlorate 

Field QC 10/19/05 0830 Perchlorate 

Potable Well 10119/06 1153 Perchlorate 

Sample Container 

(I) 60 1111 Sieri Ie 
polypropylene bottle 
( I ) 6U 1111 Steri Ie 
polypropylene bottle 
( I) 60 ml Sterile 
polypropylene bottle 
(I) 60 1111 Sterile 
polypropylene bottle 
( I ) 60 1111 Steri Ie 
polypropy lene bolt Ie 
(1) 60 1111 Sterile 
polypropylene bottle 
(I) 601111 Sterile 
pol ypropy knc bottle 
(I) 60 1111 Sterile 
polypropylene bottle 
(1) 60 1111 Sterik 
polypropylene bottle 

(1) 60 Illi Sterile 
polypropylene bottle 
(I) 60 ml Sterile 
polypropylene bottle 
(I) 60 ml Sterile 
polypropylene bottle 
( I) 60 ml Sterile 
polypropylene bottle 

Sample 
Vollll11r 

()() III I 

()U 1111 

60 1111 

60 1111 

~~"~- "~ 

h() 1111 

60 Illi 

60 1111 

60 ml 

60 1111 

60 ml 

60 1111 

60 1111 

60 ml 

Sample 
Presrrvation 

C nollo 4" C 

Cool to 4° C 

Cool 10 4° C 

Cool to ,°C 

1-
(001 to 4" C 

loolto 4° C 

Cool to 4" C 

Cool to 4')C 

Cuulto4°C 

Cool to 4°C 

Coolt04°C 

Cool to 4°C 

Cool to 4° C 

N 
\0 
o 
w 
\0 
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APPENDIX .\. 

GENERIC TRAFFIC REPORT & CllAIN OF CUSTODY RECORDS 

(PERCHLORATE ANALYSIS) 



'oEPA USEP ~ Contract Laboratory Program , Reference Case: R . . Generic Chain of Custody . 
Client No: 

Region: 2 Date Shipped: 10/19/2006 Chain of CUstody Record sm:~~' Project Code: 
Carrier Name: UPS 

SQn : ~~ ') 

Account Code: 
Alrblll: 1Z06154721tOOO0915 

Relinquished By (Date I Time) Received By (Date I Time) 
CERCUS 10: 

~/7~ \o~\~b," ,,\'5 ~ /u". Shipped to: U.S. EPA Region 1 New nO<) \ <-<J.t<;'17.l\\(x)oo'1 \<;' \0 II \' 70u Spill 10: 02WW England laboratory --=-

I Site Name/State: Bergen Perchlorate Ion SitelNJ 11 Technology Drive 2 

Project Leader: Diane Salkie North Chelmsford MA 
01863 3 

Action: 
(617) 918-8602 

Sampling Co: U.S. EPA 4 
. '--

MATRIX! CONCI ANALYSISI TAG No,I SAMPLE COLLECT QC 
SAMPLER TYPE TURNAROUNP PRESERVATIVEI Bottles OATc/TIME Type 

Potable WelV UG PCl (21) (Ice Only)(1) S: 10/18/2006 11 :45 
Diane Salkie 

Potable Weill UG PCl (21) (Ice Only) (1) s: 1011812006 15:16 
Diane Sal Ide 

Potable Weill UG PCl (21) 
Diane Sallde 

(Ice Only)( 1 ) S: 10/1812006 14:29 

Potable Weill UG PCl (21) 
Diane Salkie 

(Ice Only) (1) s: 10118/2006 9:39 

Potable Weill UG PCl (21) 
Diane Salkie 

(Ice Only) (1 ) S: 10/1712006 18:25 

Potable Weill ltG PCl (21) 
Diane Salkle 

(Ice Only) (1 ) S: 10/18/2006 10:52 Field Duplicate 

Potable Weill UG PCl (21) (Ice Only) (1) s: 10118/2006 10:50 
Diane Salkie 

Potable Went UG PCl (21) (Ice Only) (1) S: 10/1812006 16:01 
Diane Sallde 

Potable WeHl UG PCl (21) (Ice Only)(1) S: 10/18/2006 11:22 
Diane Salkie 

Potable Weill UG PCl (21) (Ice Only)(1) S: 10/1812006 13:17 
Diane Salkie 

Potable Weill UG PCl (21) (Ice Only) (1 ) S: 10/18/2006 10:29 
Diane Sal Ide 

Shipment fgr Case Sample(s} to be used fgr laboratory QC: Additional Sampler ""\p,aw"""I' Chain of Custody Seal Number: 
CompletD? Y 

Analysis Key: Concentration: L = Low, M = Low/Medium, H = High Type/Designate: Composita = C, Grab = G Shipment Iced? 

PCl = Perchlorate 
'-----... ---_._--

TR Number: 2-043013577 -101906 .. 0001 REGION COpy PR provides preliminary results. Requests for preHmlnary results will Increase analytical costs. 
Send Copy to: Sample Management Office, Attn: Heather Bauer, CSC, 15000 Conference Center Dr.o Chantilly, VA 20151-3819; Phone 703/818-4200; Fax F2VS.1.047 Page 1 of2 
7n., (0 '" Q Aan" 

t.... 
\!: 
C 
4" 



&EPA USEPA Contract Laboratory Program 
.. Generic Chain of Custody 

Region: 2 Date Shipped: 1D11912006 
Project Code: Carrier Name: UPS 
Account Code: Alr.bIH: 1ZG615472110000915 
CERCUSID: Shipped to; U.S. EPA Region 1 New 
SpIllID: 02WW England laboratory 
Site Name/State: Bergen Perchlorate Ion Site/NJ 11 Technology Drive 

North Chelmsford MA 
Project leader: Diane Salkie 01863 
Action: (617) 918-8602 
Sampling Co; U.S. EPA 

MATRIXI CONC/ ANALYSISI TAG No./ STATION 

SAMPLE No. SAMPLER TYPE TURNAROUND PRESERVATIVE/Bottles LOCATION 

FB-01 Field OCI UG PCl (21) (Ice Only)(1) FB-01 

Diane Salkie 
~ c.t v'v..,?> l \) 

ro\z,.S~ lJe\J / L( G. (/CL (:1-\) 

o~ '" ¥' e <;",\~ ,It.. 

Shipment for Case Sample(s) to be used for laboratory QC; Additional Sampler Signature(s); 
Complete? Y 

Reference Case: pi 
Client No: 

<:haln of Custody Record 

Relinquished By (Date I.Tlme) 

~~ lol \Ctlu~ ~ IOu 

2 

3 

4 

SAMPLE COLLECT 
DATE/TIME 

S: 10/19/2006 8:30 

\. (J h c" ICJ~ \ i S 3 

Sampler 

I~)~~ Signatu . 

Received By (Date I Time) 

\JI( .> lGl ,'I \u 
\ -z. (j~ \ $'-{ 121\0000\ l) l'O. 

QC 
Type 

Chain of Custody Seal Number: 

N 
'0 
o 
.,f.:. 
N 

• 

Analysis Key: Concentration: L = Low, M = Low/Medium, H = High Type/Designate: Composite = C, Grab = G Shipment Iced? 

PCl = Perchlorate 

TR Number: 2·043013577 -101906-0001 REGION COpy 
PR provides preUmlnary results. Requests for preliminary results will Increase analytical costs. 
Send Copy to: Sample Management Office, Attn: Heather Bauer, CSC, 15000 Conference Center Dr., Chantilly, VA 20151-3819; Phone 703/818-4200; Fax F2VS.1.047 Page 2 of 2 
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Richard J. Codey 
Acting Governor 

Deparunent of Environmental Protection ZOOS JUN lOAM ~ Oh raO!'ey M. Campbe 

William McCabe, Acting Director 
Emergency and Remedial Response Division 
U. S. Environmental Protection Agency, Region II 
290 Broadway 
New York, New York 10007-1866 

Dear Director McCabe: 

RE~40'JAL ACTIOH B~mmissioner 

JUN62005 

The New Jersey Department of Environmental Protection (Department) hereby submits 
the Perchlorate ground water contamination recently discovered in communities of 
Saddle River Borough, Park Ridge Borough and Woodcliff Lake Borough, Bergen 
County, New Jersey (Bergen County Perchlorate Contamination Issue) for CERCLA 
removal action consideration. The following provides a brief description of the issue and 
supports the removal request. 

The Department became aware of the perchlorate contamination issue during sampling 
conducted on public supply wells for EPA's Drinking Water Program. The public water 
supply demonstrated levels of concern of perchlorate; therefore the Department 
recommended that use of the wells be discontinued. In response, the Department, water 
company and the local health departments undertook an extensive investigation and 
sampling of private potable wells in the area. The Department developed an interim 
action level for perchlorate of 4 ppb since a Maximum Contaminant Level (MCL) does 
not exist. To date, more than tifty-five (55) private wells have been sampled; seventeen 
(17) wells have demonstrated levels over the interim MCL of 4 ppb. The highest 
concentration detected was 91 ppb. 

At this time Perchlorate is not presently a listed hazardous substance under the Spill 
Compensation and Control Act, therefore the Department can not respond to the 
contamination problem through conventional ways. Efforts.are under way to promulgate 
perchlorate as a Spill Act hazardous substance, but that effort will take some time. In 
addition, no source has been found for the contamination thus limiting our ability to 
pursue enforcement actions although investigations are on going. 

At this time, the Department is formally requesting that the USEP A accept the Bergen 
County Perchlorate Contamination Issue and provide alternate water for impacted homes 
through point-of-entry treatment units (POETS) or waterline extensions on an accelerated 
basis. 

A summary of the most recent data from local health departments is attached for your 
information. Additional sampling is ongoing; so more wells may show contamination in 
the future. 
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As always we appreciate EPA's anticipated participation in this public health problem. 
Should your staff require additional information please have them contact Ed Putnam, 
Assistant Director of the Remedial Response Element at (609) 984-2990. 

Sincerely, 

~~i,& 
Division of Remediation Support 

C: George Zachos, Accelerated Cleanup Manager, EPA 
Richard Salkie, Branch Chief, Response and Prevention Branch, EPA 
Bruce Sprague, Branch Chief, Removal Action Branch, EPA 
Ed Putnam, Assistant Director, Remedial Response Element, DEP 
Ronald Corcory, Assistant Director, Discharge Response Element, DEP 
Mark Pedersen, Bureau Chief, BRMINCA, DEP 
Steve Tiffinger, Director, Bergen County Department of HeaIth Services 
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ATSDR Record of Activity 

UID #: Date: June /~/ 2005 Time: 9:00 am pm X 

Site Name: Woodcliff City: Woodcliff Cnty: Bergen State: NJ 

CERCLIS #: Cost Recovery #: Region:!! 
Site Status (1) NPL Non-NPL RCRA 
specific 
Other X 

Federal (2) Emergency Response 
Non-Site 
Remedial 

Incoming Call 
Outgoing Call 

Conference Call 
Training 

Activities 
Public Meeting 

. Health Consult' 
Other Meeting Health Referral 

Data Review X Written Response 
_ Incoming Mail Other 

Site Visit' 
Info Provided 

Requestor and Affiliation: (1) Thomas Budroe EPA OSC REG II 
Phone: Budroe.Thomas@epamail.epa.gov Address: 
City: Edison· State: NJ Zip 

Code: 

(31) Leah Escobar 
-~- - -~ _ .. _-

2-USCG 

Contacts and Affiliation 
ATSDR DRO Region II 

----- - ---~.---.-

3-0THER FED 4-STATE ENV 5-STATE HLT 

6-COUNTY HLTH 7-CITY HLTH 8-HOSPITAL 9-LAW ENFORCE lO-FIRE DEPT 

11- POI SON CTR 12-PRIV CITZ l3-0THER 14-UNKNOWN 15-DOD 

16-DOE 

21-INTL 

26-ARMY 

3l-ATSDR 

17-NOAA 

22-CITZ GROUP 

27-NAVY 

Health Assessment 
Petition Assessment 
Emergency Response 

x Health Consultation 

18-0THR STATE 19-0THR COUNTY 20-0THR CITY 

23-ELECT. OFF 24-PRIV. CO 25-NEWS MEDIA 

28-AIR FORCE 29-DEF LOG AGCY 30-NRC 

Program Areas 
Health Studies 
Health Survellnc 
Disease Regstry 
Exposr Regstry 

Tox Info-profile 
Tox Info-Nonprofil 
Subst-Spec Resch 
Health Education 

Worker Hlth 
Admin 
Other 

Narrative Summary: The US Environmental Protection Agency 
(EPA) Region II Removal Branch has requested the Agency for 
Toxic Substances and Disease Registry (ATSDR) to provide a 
health guidance value that can be used to evaluate 
potential human exposure to perchlorate present in 
groundwater near Woodcliff I NJ. EPA has stated that two 
municipal wells and an unknown number of private wells draw 
water from a perchlorate contaminated aqui fer. The 
perchlorate contamination is believed to have come from 

I 
, 
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Chilean nitrate fertilizer that was stored at a plant 
nursery in the area. EPA is in the process of gathering 
information needed to determine the extent of the 
contamination and characterize potential exposures. Well 
sampling results have not yet been provided to ATSDR. 

Because of the potential need for corrective actions under 
the their Removal Program, EPA is considering various risk 
management strategies. In order to identify appropriate 
technologies and costs associated with the various 
strategies, EPA must identify a perchlorate concentration 
in drinking water that is believed to be wi thout adverse 
health effects to humans. 

EPA has adopted a Reference Dose (RfD) of 0.0007 mg/kg per 
day (EPA, 2005). ATSDR is in the process of developing a 
Toxicological Profile for Perchlorates (ATSDR, 2005 In 
Preparation) and a Minimal Risk Level. However, the 
Toxicological Profile has not yet been finalized. The 
National Research Council (NRC) has assessed the health 
implications of perchlorate ingestion and issued a final 
report (National Research Council, 2005). In the report, 
the NRC reviewed the current state of the science regarding 
potential adverse health effects of perchlorate exposure. 
The report evaluated human clinical and epidemiological 
studies as well as the relevance of animal toxicology 
studies in predicting adverse effects in humans, especially 
sensitive populations. 

The relevant NRC conclusions and rationale supporting the 
them are presented below. 

1. Animal data should not be used as the basis for a 
perchlorate risk assessment. Inhibition of iodide uptake 
by the thyroid in humans, which is the key biochemical 
event in perchlorate toxicity, should be used as the basis 
of the risk assessment. Inhibition of iodide uptake is a 
reliable and valid measurei it has been unequivocally 
demonstrated in humans exposed to perchlorate, and it is 
the key event that precedes all thyroid~mediated effects of 
perchlorate exposure. The NRC concluded that the first 
adverse effect in the continuum of perchlorate effects 
would be hypothyroidism. Any effects that would follow and 
result from hypothyroidism clearly would be adverse. In 
their Perchlorate Risk Assessment (2002), EPA defined 
changes in serum thyroid hormone and Thyroid Stimulating 
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Hormone (TSH) as adverse effects. The NRC did not agree 
that transient changes in serum thyroid hormone or TSH 
concentrations are necessarily adverse effects; they were 
determined to be biochemical changes that would precede 
adverse effects. The NRC acknowledged differences in their 
position with the EPA approach to developing RfDs. The NRC 
recommended using a nonadverse effect rather than an 
adverse effect, which is normally used in the RfD 
development process, as the basis for the perchlorate risk 
assessment. 

2. The study by Greer et al. (2002) is most appropriate 
study for use in a perchlorate risk assessment. In the 
study, groups of healthy men and women were administered 
perchlorate at 0.007-0.5 mg/kg per day for 14 days. The 
study identified a no-observed-effect level (NOEL) for 
inhibition of iodide uptake by the thyroid at 0.007 mg/kg 
per day. This NOEL value is consistent with other clinical 
studies that have investigated iodide uptake inhibition by 
perchlorate. This value is a health-protective and 
conservative point of departure supported by the results of 
a 6-month study of 0.007 mg/kg per day in a small group of 
healthy subjects, a 4-week study of higher doses in healthy 
subjects, studies of perchlorate treatment of patients with 
hyperthyroidism, and extensive human and animal data that 
demonstrate that there will be no progression to adverse 
effects if no inhibition of thyroid uptake occurs. 

3. The development of thyroid tumors, as an ultimate result 
of perchlorate-caused inhibition of thyroid iodide uptake, 
is unlikely in humans. Thyroid iodide uptake inhibition is 
the only effect that has consistently been documented in 
humans exposed to perchlorate. 

4. The NRC recommended a total uncertain factor of 10 to 
use as an intraspecies factor to protect the most sensitive 
population - the fetuses of pregnant women who might have 
hypothyroidism or iodide deficiency. No additional factors 
were recommended for duration or database uncertainties. 

5. The NRC recommendations would lead to a health guidance 
value of 0.0007 mg/kg per day for ingestion of perchlorate. 
This value is appropriate for chronic (>365 days) exposures 
and is the same value EPA has adopted for its RfD (EPA, 
2005) . 
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Action Required/Recommendations: 

In estimating a drinking water concentration of perchlorate 
that would be expected to be protective of public health at 
the Woodcliff Lake site, ATSDR assumed the following: 

-health guidance value of 0.0007 mg/kg 
-70 kg adult/2 liters of water consumed per day 

Using these assumptions, ATSDR has calculated a perchlorate 
concentration in drinking water of 24.5 ~g/L. 

ATSDR proposes 24.5 ~g/L as a level that should be 
protective of all residents, including the most sensitive 
populations (i.e. pregnant mothers and their developing 
fetus, as well as other sensitive populations), drinking 
perchlorate-contaminated water from the Woodcliff, NJ 
perchlorate site. These assumptions and calculations are 
consistent with positions being taken by EPA and ATSDR. 

In proposing the 24.5 ~g/L value, ATSDR assumes that those 
drinking perchlorate contaminated water from the Woodcliff, 
NJ perchlorate site receive no other exposures to 
perchlorate. If the EPA identifies any other sources of 
exposure, such as milk or crops (e.g. lettuce) irrigated 
with perchlorate-contaminated groundwater, the proposed 
value may not be protective of health and will need to be 
reevaluated. 

ATSDR intends this consultation to apply only to the 
Woodcliff, NJ perchlorate site. The proposed value is not 
intended to supercede or take the place of any Maximum 
Contaminant Levels (MCLs) or other regulatory or health 
guidance values that may be developed by EPA. ATSDR plans 
to release the Toxicological Profile for Perchlorate for 
public comment within the next few months. Finally, 
additional or new information or data pertaining to 
perchlorate toxicology or the Woodcliff Lake site may 
become available which would also require ATSDR to modify 
or update its proposed value. 

Signature: C~ R £~ .~ Date: 6 /t-e / ob 



Contacts: 
Larry F. Cseh, R.S., MSA (770-488-3335) 
Commander, us Public Health Service 
Environmental Health Scientist 
Emergency Response Team 
Division of Toxicology and Environmental Medicine 

Robert L. Williams, Ph.D. (770-488-3341) 
Lieutenant Commander, US Public Health Service 
Toxicologist 
Emergency Response Team 
Division of Toxicology and Environmental Medicine 

Mike Allred, Ph.D. (770-488-3344) 
Team Leader 
Emergency Response Team 
Division of Toxicology and Environmental Medicine 

cc: 
Artie Block 
Leah Escobar 
Ed Murray 
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Risk Assessment. 
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for inhibition of thyroidal radioiodine uptake in humans. 
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NRC, 2005. National Research Council, Health Implications 
of Perchlorate Ingestion, National Academies Press, 
Washington, DC. 
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PUBLIC HEALTH STATEMENT 
Perchlorates 

CAS#: 1003-'-81-8,7778-7-'-7,7790-98-9,7601-89-0,7791-03-9 
I 

• 1ft', 

. (.1 

. ")i 

Division of Toxicologr and Environmental Medicine SeE,tember 2005 

CD-ROM by callin& the information and technical 
assistance toll-free number at 1-888-42ATSDR 
(1-888-422-8737), by email at atsdric@cdc.gov, or 
by writing to: 

Agency for Toxic Substances and Disease Registry 
Division of Toxicology and Environmental 
Medicine 
1600 Clifton Road NE 
Mailstop F-32 
Atlanta, GA 30333 
Fax: 1-770-488-4178 

For-profit organizations may request a copy of final 
profiles from the following: 

National Technical Information Service (NTIS) 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 1-800-553-6847 or 1-703-605-6000 

Web site: http://www.ntis.gov/ 

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service 
Agency for Toxic Substances and Disease Registry 

......... ,,~~ .l __ -1 _ _ " •• 1 'T',..J .... _L.. ". _ .... ~ 1 000 AI..,., o...,~..., v ..- ... .. . ,.,,.,f\ AlOO ,,41"0 v 1\,..,. .... :1 .. ......... .... ...l_! .... t:;\ .... ,., .... _ ..... - .. 
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CAS#: I003.t·81-8, 7778-7.t-7, 7790-98-9, 7601-89-0,7791-03-9 
;'( 

.. $';1 
!~ .:. 

Division of Toxicologr and Environmental Medicine 

(exposure to perchlorate is only one of many 
possibilities). Medical tests can also measure the 
capacity of the thyroid gland to take iodide from the 
blood to manufacture thyroid hormones. Exposure 
to perchlorate can decrease this capacity, but so can 
exposure to other chemicals, as well as iodine 
deficiency and medical conditions unrelated to any 
exposure to chemicals. 

1.9 WHAT RECOMMENDATIONS HAS THE 
FEDERAL GOVERNMENT M,ADE TO 
PROTECT HUMAN HEALTH? 

The federal government develops regulations and 
recommendations to protect public health. 
Regulations can be enforced by law. The EPA, the 
Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration 
(FDA) are some federal agencies that develop 
regulations for toxic substances. Recommendations 
provide valuable guidelines to protect public health, 
but cannot be enforced by law. The Agency for 
Toxic Substances and Disease Registry (ATSDR) 
and the National Institute for Occupational Safety 
and Health (NIOSH) are two federal organizations 
that develop recommendations for toxic substances. 

Regulations and recommendations can be expressed 
as "not-to-exceed" levels, that is, levels of a toxic 
substance in air, water, soil, or food that do not 
exceed a critical value that is usually based on 
levels that affect animals; they are then adjusted to 
levels that will help protect humans. Sometimes 
these not-to-exceed levels differ among federal 
organizations because they used different exposure 
times (an 8-hour'workday ora 24-hour day), 
different animal studies, or other factors. 

September 2005, 

Recommendations and regulations are also updated 
periodically as more information becomes available. 
For the most current infonnation, check with the 
federal agency or organization that provides it. 
Some regulations and recommendations for 
perchlorates include the following: 

The EPA is currently undertaking efforts to 
determine if regulation of perchlorate in drinking 
water would represent a meaningful opportunity for 
reducing risks to human health. To support its 
decision, the EPA is gathering occurrence data at 
public water systems, evaluating the availability and 
cost of treatment technology, and assuring that 
analytical methods are available to monitor for 
perchlorate in water. 

1.10 WHERE CAN I GET MORE 
INFORMATION? 

If you have any more questions or concerns, please 
contact your community or state health or 
environmental quality department, your regional 
Nuclear Regulatory Commission office, or contact 
A TSDR at the address and phone number below. 

A TSDR can also tell you the location of 
occupational and environmental health clinics. 
These clinics specialize in recognizing, evaluating, 
and treating illnesses resulting from exposure to 
hazardous substances. 

Toxicological profiles are also available on-line at 
www.atsdr.cdc.gov and on CD-ROM. You may 
request a copy of the ATSDR ToxProfiles 

DEPARTMENT of HEALTH AND HUMAN SERVICES, Public Health Service 
Agency for Toxic Substances and Disease Registry 

----- --. ~ . ~..J_ .... ..l .... ~ "'_ y l Tnln~h~~" .. 1 _QQ~Ld""_Q'1'l,'1 ~~Y' 770_d~~ •• 17R F.·Mail: atsdric(@cilc.1!ov 
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Division of Toxicolo~ and Environmental Medicine 

people get from contaminated drinking water in the 
United States. Recent studies in which pregnant 
rats were given. much lower amounts of perchlorate 
have confirmed that perchlorates can alter the 
thyroid gland in the newborn animals. This has 
generally occurred when perchlorate also affected 
the thyroid of the mothers. Two studies in rats also 
found alterations in some areas of the brain from 
pups born to rats exposed to perchlorate while 
pregnant, but there have been questions and 
concerns raised regarding the interpretation of these 
findings. 

1.7 HOW CAN FAMILIES REDUCE THE 
RISK OF EXPOSURE TO 
PERCHLORA TES? 

If your doctor finds that you have been exposed to 
substantial amounts of perchlorates, ask whether 
your children might also have been exposed. Your 
doctor might need to ask your state health 
department to investigate. 

It is very unlikely that perchlorates are present in 
the average home or apartment. Perchlorates are 
only found in a very small number of items that 
people use every day. They are present in highway 
and marine signal flares, small fireworks, and 
gunpowder. Storing these items properly or 
removing them from the house will reduce yoUr 
family ' s risk of exposure to perchlorates. 

Perchlorates have been found at low levels in a few 
samples of tap water. They have generally not been 
found in drinking water. If you have concerns over 
the presence of perchlorate in your tap water, you 
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may reduce the risk of exposure to your family by 
drinking bottled water. 

If you live near a hazardous waste site or other area 
where perchlorates have been found, using bottled 
drinking water may reduce the risk to your family, 
particularly if you drink well water that may contain 
perchlorate. If you live in one of these areas, 
prevent your children from playing in dirt and from 
eating dirt. Make sure your children wash their 
hands frequently, and before eating. Discourage 
your children from putting their hands in their 
mouths or doing other hand-to-mouth activities. 

If you work in a factory that makes or uses 
perchlorates, it is possible to carry perchlorate dust 
from work on your clothing, skin, or hair. You may 
then get perchlorate dust in your car, home, or other 
locations outside of work where family members 
might be exposed. You should know about this 
possibility if you work with perchlorates. Taking a 
shower will remove any perchlorate dust from your 
skin or hair. Washing your clothes will remove any 
perchlorates dust from them. 

1.8 IS THERE A MEDICAL TEST TO 
DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO PERCH LORA TES? 

Methods to measure perchlorate in the body are not 
routinely available, but perchlorate can be measured 
in the urine. Because perchlorate leaves the body 
fairly rapidly (in a matter of hours), perchlorate in 
the urine can only indicate very recent exposure. 
Levels of thyroid hormones in the blood can be 
monitored. Such tests will tell you if your hormone 
levels are altered, but will not tell you the cause 
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One way to learn whether a chemical will harm 
people is to determine how the body absorbs, uses, 
and releases the chemical. For some. chemicals, 
animal testing may be necessary. Animal testing 
may also help identifY health effects such as cancer 
or birth defects. Without laboratory animals, 
scientists would lose a basic method for getting 
information needed to make wise decisions that 
protect public health. Scientists have the 
responsibility to treat research animals with care 
and compassion. Scientists must comply with strict 
animal care guidelines because laws today protect 
the welfare of research animals. 

The thyroid gland is also the main target organ for 
perchlorate toxicity in animals. The thyroid 
changes caused by perchlorate in animals may lead 
to tumors in the thyroid after a long period. This 
has occurred after administering very high amounts 
of perchlorate to the animals. The National 
Academy of Sciences (NAS) concluded that based 
on the understanding of the biology of human and 
rodent thyroid tumors, it is unlikely that perchlorate 
poses a risk of thyroid cancer in humans. 
Perchlorates have not been classified for 
carcinogenic effects by the Department of Health 
and Human Services (DHHS), the EPA, or the 
International Agency for Research on Cancer 
(lARC). 

The results from a few studies suggested that 
perchlorate does not affect the immune systems of 
animals, but further studies are necessary to confirm 
these results. Studies in animals also showed that 
perchlorate did not affect the reproductive organs or 
the animals' capacity to reproduce. NAS found that 
the usefulness of studies in animals for estimating 
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the risk of adverse effects of perchlorate in humans 
is small. 

1.6 HOW CAN PERCHLORA TES AFFECT 
CHILDREN? 

This section discusses potential health effects in 
humans from exposures during the period from 
conception to maturity at 18 years of age. 

Children and developing fetuses may be more likely 
to be affected by perchlorate than adults because 
thyroid hormones are essential for normal growth 
and development. Two studies were conducted of 
newborn babies and school-age children from an 
area in a foreign country where levels of perchlorate 
in the drinking water much higher than those 
detected in some U.S. water supplies. No evidence 
of abnormal thyroid function was found among the 
babies or the children. The mothers and the 
children may have taken approximately 0.2 mg of 
perchlorate per day in the drinking water. Some 
studies of newborn babies in areas from Arizona, 
California, and Nevada, where perchlorate has been 
found in the drinking water, have not provided 
convincing evidence of thyroid abnormalities 
associated with perchlorate. 

Animal studies have shown a low level of thyroid 
activity in developing animals exposed to 
perchlorates through the placenta before birth or 
through the mother's milk after birth. One of these 
studies found thyroid effects in the young animals 
even when the mothers did not seem to have any 
effects. However, in this study, the pregnant 
animals were given amounts of perchlorate 
thousands of times higher than the amounts that 
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lungs and enter the bloodstream. Perchlorates 
probably do not enter the body directly through the 
skin, but if present on your hands, hand-to-mouth
activity could contribute to oral exposure. 

The blood stream carries perchlorate to.all parts of 
the body. Perchlorate is not changed inside the 
body. A few internal organs (for example, the 
thyroid and salivary glands) can take up relatively 
large amounts of perchlorate out of the bloodstream. 
Perchlorate leaves these organs in a few hours. 
Perchlorate has also been found in breast milk. 

When perchlorates are swallowed, a small 
percentage is eliminated in the feces. More than 
90% of perchlorate taken in by mouth enters the 
bloodstream. In the blood, perchlorate passes into 
the kidneys, which then release it into the urine. 
The body begins to clear itself of perchlorate 
through the kidneys within 10 minutes of exposure. 
Most of the perchlorate that is taken in is eliminated 
in the first day. 

1.5 HOW CAN PERCHLORA TES AFFECT 
MY HEALTH? 

The main target organ for perchlorate toxicity in 
humans is the thyroid gland. Perchlorate partially 
inhibits the thyroid's uptake of iodine. Iodine is 
required as a building block for the synthesis of 
thyroid hormone. Thyroid hormones regulate 
certain body functions after they are released into 
the blood. People exposed to excessive amounts of 
perchlorate for a long time may develop a low level 
of thyroid activity. The medical name for this 
condition is hypothyroidism. Hypothyroidism can 
also be caused by conditions totally unrelated to 
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perchlorates. In hypothyroidism, the lower amounts 
of thyroid hormones in your blood cause increases 
in pituitary hormones that can lead to a large 
increase in the size of the gland. The medical name 
for this condition is goiter. Because thyroid 
hormones perform important functions throughout 
the body, many normal body activities also are 
affected by the low hormone levels, Because 
perchlorates were known to lower thyroid hormone 
levels, at one time, perchlorates were given as a 
drug (more than 400 mg per day, which is many 
times higher than what is found in the environment) 
to treat people with overactive thyroid glands (a 
condition known as hyperthyroidism). Side effects 

. seen in a small number of treated patients were skin 
rashes, nausea, and vomiting. A few patients 
developed severe shortages of blood cells, and some 
of them died. Healthy volunteers who took 
approximately 35 mg of perchlorate every day 
(equivalent to drinking 2 liters of water containing 
17 ppm perchlorate every day) for 2 weeks showed 
no signs of abnormal functioning of their thyroid 
gland. A study of adults in Nevada found that the 
number of cases of thyroid disease in a group of 
people who drank water contaminated with 
perchlorate was no different than the number of 
cases found in a group of people who drank water 
without perchlorate. This means that levels of 
perchlorate in the water were probably not the cause 
of the thyroid disease. Two studies of people who 
worked for years in the production of perchlorate 
found no evidence of alterations in the workers' 
thyroids, livers, kidneys, or blood. One of these 
studies estimated that the workers may have taken 
up about 34 mg of perchlorate per day. 

Scientists use many tests to protect the public from 
harmful effects of toxic chemicals and to find ways 
for treating persons who have been harmed. 
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accidentally explodes. We think that they may 
enter the environment in very small amounts from 
fireworks, explosives, flares, and similar products, 
but we don't know for sure. Recent studies have 
reported that perchlorate contamination is being 
found in locations where it has not been known to 
be made, used, or released by humans. It is unclear 
how the perchlorate got there. 

If perchlorates are released to the environment, they 
are expected to end up in soil or water (rivers, 
streams, lakes, and ponds). Perchlorates will be 
carried through soil by rainwater. As the rainwater 
soaks into the ground, the perchlorates will also 
soak into the ground. As they go deeper into the 
soil, they will eventually end up in groundwater 
(underground rivers). In arid climates, perchlorates 
would move through soil more slowly. The 
information we have so far indicates that 
perchlorates will last in water and soil for a very 
long time. 

1.3 HOW MIGHT I BE EXPOSED TO 
PERCHLORA TES? 

You may be exposed to perchlorates if you drink 
water or eat food that is contaminated with it. Most 
contaminated water supplies are found near 
hazardous waste sites where perchlorates have been 
found. Perchlorates have been found in lakes, 
rivers, and underground wells near these sites. In a 
few places, they have also been found in tap water 
at very low levels. During a survey of about 3,600 
public water systems located across the United 
States, perchlorate was detected above 4 parts per 
billion (ppb) in about 2% of drinking water samples 
and in about 4% of systems. There is currently no 
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cost efficient way to remove perchlorates from large 
drinking water supplies. New methods are actively 
being developed to solve this problem. 

You may be exposed to perchlorates if you live near 
a factory where they are made. You may also be 
exposed to perchlorates if you live near a factory 
that makes fireworks, flares, or other explosi ve 
devices. Gunpowder contains perchlorates, and you 
may be exposed to small amounts of perchlorates if 
you reload your own ammunition. A variety of 
different tobacco products have been found to 
contain perchlorate, so you may be exposed if you 
chew tobacco. Perchlorates have also been found in 
food and milk. 

If you live near a hazardous waste site, you may be 
exposed to higher levels of perchlorates than other 
people in the United States. If you live near a 
rocket manufacturing or testing facility , you may 
also be exposed to higher levels. As mentioned 
earlier, perchlorate is being found in small amounts 
in areas where it has not been known to be 
manufactured, used, or released by humans. 
Exposure to perchlorates at these locations may be 
possible; however, the nature of this contamination 
and exposure is unclear and must be studied further. 

1.4 HOW CAN PERCHLORA TES ENTER 
AND LEAVE MY BODY? 

Perchlorates can enter the body after you have · 
swallowed food or water containing them. Since 
they easily dissolve in water, they quickly pass 
through the stomach and intestines and enter the 
bloodstream. If you breathe in air containing dust 
or droplets of perchlorate, it can pass though your 
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way, they are used mainly in rocket motors, 
fireworks, and explosives. 

Because perchlorates can react explosively, people 
did not expect to find them in the environment. But 
at normal Earth temperatures, perchlorates react 
much more slowly. We have learned only recently 
that perchlorates may last in the envirorunent for a 
very long time. 

One of the perchlorate salts, ammonium 
perchlorate, is produced in very large amounts 
because it is used in rockets. The solid booster 
rocket on the space shuttle is almost 70% 
ammonium perchlorate. Perchlorates are also used 
in explosives. It has been estimated that 90% of 
perchlorates that are produced are used for defense 
and aerospace activities. Because perchlorates are 
used for some military applications, many countries 
consider the amounts that they make confidential. 
This is one reason why we do not know the exact 
amount of perchlorates produced or used in the 
United States or around the world. No laws require 
private companies in the United States to provide 
information on the amount of perchlorates that they 
make or use. We also do not know the amount of 
perchlorates brought into the United States from 
other countries, although the largest amount 
pro bably comes from fireworks. 

Other uses of perchlorates include fireworks, 
explosives; flares, gunpowder, temporary adhesives, 
electrolysis baths, batteries, drying agents, etching 
agents, and oxygen generating systems. They are 
also used for making other chemicals. Many years 
ago, perchlorates were used as a medication to treat 
an overreactive thyroid gland. Currently, 
perchlorates are used to prevent technetium uptake 
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during medical imaging and as part of a treatment to 
counter the thyroid effects of the drug amiodarone. 

Perchlorates occur naturally, for example, in the 
saltpeter deposits in Chile, South America. Chilean 
saltpeter is used to make fertilizer. In the past, the 
United States used a lot of this fertilizer on tobacco 
plants, qut now uses very little. 

1.2 WHAT HAPPENS TO PERCHLORA TES 
WHEN THEY ENTER THE 
ENVIRONMENT? 

Before 1997, it was very hard to measure 
perchlorates in the environment. In 1997, a much 
better method was developed, and low levels of 
perchlorates in water and other media can nOw be 
measured. Scientists first began looking for 
perchlora~es near hazardous waste sites where they 
had been used. They were surprised when they 
found them in many other places because they did 
not think perchlorates would last very long in the 
environment. Since then, scientists have been 
looking for perchlorates in water at more and more 
places. Perchlorates have recently been found in 
soil, plants, and animals located near perchlorate
contaminated areas. 

Perchlorates entered the environment where rockets 
were made, tested, and taken apart. We also know 
that perchlorates will enter the envirorunent if a 
rocket explodes or crashes. Factories that make or 
use perchlorates may also release them to soil and 
water. Some factories may even release perchlorate 
dusts, which can be blown away in the wind. 
Perchlorates probably also enter the environment if 
a factory using them, like a fireworks factory , 
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This Public Health Statement is the summ(lry 
chapter from the Toxicological Profile for 
Perchlorates. It is one in a series of Public Health 
Statements about hazardous substances and their 
health effects. A shorter version, the ToxF AQsTM, 
is also available. This information is important 
because these substances may harm you. The 
effects of exposure to any hazardous substance 
depend on the dose, the duration, how you are 
exposed, personal traits and habits, and whether 
other chemicals are present. For more information, 
call the ATSDR Information Center at 1-888-422-
8737. 

This public health statement tells you about 
perchlorates and the effects of exposure to them. 

The Environmental Protection Agency (EPA) 
identifies the most serious hazardous waste sites in 
the nation. These sites are then placed on the 
National Priorities List (NPL) and are targeted for 
long-term federal clean-up activities. Perchlorates 
have been found in at least 8 of the 1,662 current or 
former NPL sites. Although the total number of 
NPL sites evaluated for these substances is not 
known, the possibility exists that the number of 
sites at which perchlorates are found may increase 
in the future as more sites are evaluated. This 
information is important because these sites may be 
sources of exposure and exposure to these 
substances may harm you. 

When a substance is released either from a large 
area, such as an industrial plant, or from a container, 
such as a drum or bottle, it enters the environment. 
Such a release does not always lead to exposure. 
You can be exposed to a substance only when you 
come in contact with it. You may be exposed by 
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breathing, eating, or drinking the substance, or by 
skin contact. 

If you are exposed to perchlorates, many factors 
will determine whether you will be harmed. These 
factors include the dose (how much), the duration 
(how long), and how you come in contact with 
them. You must also consider any other chemicals 
you are exposed to and your age, sex, diet, family 
traits, lifestyle, and state of health. 

1.1 WHAT ARE PERCHLORA TES? 

Perchlorates are colorless salts that have no odor. 
Five perchlorates are manufactured in large 
amounts; magnesium perchlorate, potassium 
perchlorate, ammonium perchlorate, sodium 
perchlorate, and lithium perchlorate. Perchlorates 
are found in the environment in two forms. If no 
water is present, as in a drum or on top of dry 
ground, then they will exist as solids. If water is 
present, then they will quickly dissolve. When 
perchlorates dissolve, they separate into two parts. 
One part has a positive charge, and the other part 
has a negative charge. The part with the negative 
charge is called the perchlorate anion or just 
perchlorate. This is the part· of the chemical that 
people look for in the environment or in your body. 

Perchlorates can be very reactive chemicals. When 
they are heated to red hot, they begin to react. Once 
they begin to react, they produce a large amount of 
heat. This causes more of the perchlorates to begin 
reacting, which makes even more heat. This 
process repeats itself over and over until an 
explosion occurs. Because perchlorates react this 
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Perchlorate is both a naturally occurring and manmade chemical. Naturally oc,?urring 
perchlorate, for example, is found in nitrate fertilizer deposits in Chile. Most of the perchlorate 
manufactured in the United States is used as the primary ingredient of solid rocket propellant. 
Perchlorate is also used in a wide variety of industrial processes and pyrotechnics. In recent 
years there has been increasing interest in perchlorate levels in soil, groundwater, drinking 
water, and irrigation water around the country and what health effects it may have. 

In order to better detennine the answers to these questions, the Food and Drug Administration 
(FDA) has begun to detennine the occurrence of perchlorate in a variety of foods to evaluate 
exposure to perchlorate from food and to support any action that might be needed to protect the 
public health. 

1. What are the effects of perchlorate on the human body? 

At high doses, perchlorate can interfere with iodide uptake into the thyroid gland, 
disrupting its functions . In fact, perchlorate has been used as a drug to treat 
hyperthyroidism and to diagnose disorders related to thyroid or iodine metabolism. In 
adults, the thyroid helps to regulate metabolism. In children, the thyroid plays a major 
role in proper development in addition to metabolism. Impainnent of thyroid function in 
expectant mothers may affect the fetus and newborn and result in effects including 
delayed development and decreased learning capability. Chronic lowering ofthyroid 
honnones due to high perchlorate exposure may also result in thyroid gland tumors. 

2. Has a safe level for perchlorate in water and food been established? 

In the summer of 2003, the Administration, asked the National Academy of Sciences 
(NAS) to review several important questions relating to whether perchlorate is a public 
health concern. The NAS study, expected to be completed in January 2005, will be a 
major factor in detennining if some levels of perchlorate in food are a public health 
concern. 

In 1999, the Environmental Protection Agency (EPA) issued guidance reconunending 
continued use of a provisional reference dose (RID) range of 7-35 micrograms (J..lg)/day 
for a 70 kilogram (kg) adult. EPA will not finalize its draft health risk assessment nor 
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establish the final RID until after the NAS review is completed. For more information 
see: EeA an<;llYJ>i~Jln~tth~be~1tJL~[f~_cJ$Qf12(;IchJQrat~, and EPA's jnt~rim_g~ti.dmlc_~_4I1d 
EPA's_cJefi l1itiQI1 __ QLRfD. 

3. Has FDA developed a method to detect perchlorate in foods? 

FDA has developed a rapid, sensitive, and specific ion chromatography-tandem mass 
spectrometry (IC-MSIMS) method for determining perchlorate in selected foods, such as 
lettuce, milk, and bottled water. The smallest amounts of perchlorate that this method can 
quantify are I part per billion (ppb) for produce, 3 ppb for milk, and 0.5 ppb for bottled 
water. Ajoumal article, entitled "Determination of Perchlorate Anion in Foods by Ion 
Chromatography-Tandem Mass Spectrometry," describing FDA's method has been 
published in the September 15,2004 issue of Analytical Chemistry (Analytical 
Chemistry, 2004, 76, 5518-5522). Ihis_m~lhQd is also available on FDA's website. 

4. How has FDA conducted its testing for perchlorate? 

On December 23,2003, FDA issued an initial survey assignment to determine perchlorate 
levels in various foods, particularly in produce (e.g., lettuce) and bottled water. This 
~$~jgnrm:mJ is available on FDA's website. The initial survey calls for a total of 500 
samples of domestic origin to be collected and analyzed during Fiscal Year 2004. For the 
first phase of the survey, 150 samples of lettuce and 50 samples of bottled water are being 
collected and analyzed for perchlorate. The second phase ofthe survey that calls for 
collection and analysis of 120 milk, 55 tomato, 45 carrot, 45 cantaloupe, and 35 spinach 
samples is underway. 

5. Will FDA inform the public of the perchlorate levels that have been found in foods? 

On November 26,2004, FDA posted an initial set of perchlorate data that were collected 
from December 23,2003 to August 19,2004, to inform the public of FDA's progress and 
share its initial exploratory data. The data includes perchlorate levels found in lettuce, 
bottled water, and milk samples collected as part of an exploratory survey issued in 
December of2003. The data is available on FDA's website and will be updated as more 
foods are analyzed. 

6. What is the limitation of FDA's initial exploratory data? 

FDA notes that the data are exploratory in that they cover a limited number of food 
categories, a limited number of products in those categories, and a limited number of 
brands. In addition, the data do not fully address the variation from one unit of a food 
product to another unit ofthe same product, or from one production lot or production area 
of a food product to another lot. Because of these limitations, the exploratory data should 
not be considered to be a reflection of the distribution of perchlorate in the U.S. food 
supply. Additional sampling must be completed before the scope and the public health 
implications of perchlorate levels in foods can be fully assessed. 

7. Has FDA found perchlorate in milk? 

Milk samples (except for raw milk samples that were collected at a research facility in 
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Maryland) were collected at retail from various regions of the country. Perchlorate levels 
ranged from 3.16 to 11.3 ppb in 101 out of 104 samples, with perchlorate not quantifiable 
in three samples. The mean is 5.76 ppb for the 104 samples. Ih~$~ dala can be viewed on 
FDA's website. 

These values are similar to those previously reported in September 2003, in a Texas Tech 
University study that found perchlorate levels ranging from 1.7 to 6.4 ppb in seven fluid 
milk samples and 1.1 ppb in one evaporated milk sample. In addition, perchlorate levels 
ranging from 1.5 ppb to 10.6 ppb were measured by the California Department of Food 
and Agriculture in California milk, and non-detectable levels to 3.6 ppb in California 
milk samples were reported by the Environmental Working Group (EWG) in June 2004. 

8. Has FDA found perchlorate in bottled water? 

Bottled water samples were collected at retail locations nationwide and included artesian 
water, well water, distilled water, drinking water, purified water, and spring water. 
Results of 51 bottled water samples show non-quantifiable levels of perchlorate in 49 
samples. Two spring water samples were found to have 0.45 ppb and 0.56 ppb of 
perchlorate. 

These values are consistent with those found in a small survey of eight imported and 
eight domestic bottled waters reported by EPA and Oak Ridge laboratory in 2000 where 
none of the bottled water samples contained perchlorate above 5 ppb (the smallest 
amount their method could quantify in water). 

9. Has FDA found perchlorate in lettuce? 

Lettuce samples were collected at the grower or packing shed. For sample analysis, 
outermost leaves of each lettuce head were removed, similar to the actions typically taken 
by a consumer prior to consumption. Among 128 lettuce samples tested, perchlorate 
levels ranging from levels below the limit of quantitation to 71.6 ppb, with a mean of 
7.76 ppb, were found in iceberg lettuce; levels of 1.00 to 27.4 ppb, with a mean of 10.7 
ppb, were found in green leaflettuce; levels below the limit of quantitation to 52.0 ppb, 
with a mean of 11.6 ppb, were found in red leaf lettuce; and levels below the limit of 
quantitation to 129 ppb, with a mean of 11.9 ppb, were found in romaine lettuce. 

It is important to note that these results are, as are the results for milk and bottled water, 
preliminary and do not reflect the distribution of perchlorate in lettuce in the U.S. 
Additional sampling must be completed before the scope and the public health 
implications of perchlorate levels in lettuce can be fully assessed. 

lO. In 2003, the Environmental Working Group (EWG), an environmental advocacy 
group, issued its finding on perchlorate levels in lettuce - do their findings indicate 
that all lettuce is contaminated? 

No, the EWG found evidence of perchlorate above 30-40 ppb (the smallest amount their 
method could quantify) in 4 of the 22 samples, not all the samples. Also, EWG sampled a 
limited set oflettuce purchased at retail stores in January and February 2003. The regions 
of the country that lettuce grows in change throughout the year with the change in 



10.6004 

US FDAlCFSAN - Perchlorate Questions and Answers Page 4 of5 

seasons. Lettuce purchased in the summer may come from an entirely different region 
than the lettuce purchased by EWG for their testing. Only certain agricultural areas 
appear to have elevated levels of perchlorate in water sources or the soil, and only crops 
from those areas might be affected by the elevated levels in water or soil. 

11. How does perchlorate get into plants like lettuce? 

Federal agencies, such as the United States Department of Agriculture (USDA), are 
investigating the ways that plants take up perchlorate. Perchlorate might get into plants 
when they are irrigated with perchlorate-containing water or when plants are grown in 
soil that has been previously exposed to perchlorate-containing water or fertilizer. 

12. Do lettnce and other foods contaminated with perchlorate present a health risk? 

Further studies are needed to detennine if a health risk is associated with exposure to 
perchlorate from foods. The NAS review of the science underlying EPA's RID will 
provide important infonnation for detennining if some levels of perchlorate in food are a 
public health concern. FDA is continuing to work with other federal agencies, such as the 
USDA and EPA, to detennine the risk associated with perchlorate exposure and the 
occurrence of perchlorate in foods. 

FDA is aware that other data on perchlorate levels in foods is under development and 
welcomes verified data from other researchers that will assist FDA in describing the 
distribution of perchlorate in foods and in developing exposure estimates. 

13. What are FDA's next steps? 

FDA plans to expand its perchlorate survey to include additional food types to obtain 
infonnation on the distribution of perchlorate in a wider variety of foods that will enhance 
FDA's assessment of the dietary exposure of U.S. consumers to perchlorate. The extent of 
the survey expansion (e.g., the number and the range of foods types) will depend on the 
NAS review of EPA's draft assessment for perchlorate. If an elevated health risk is 
detennined, FDA will seek ways to reduce dietary exposure to perchlorate and consider 
appropriate risk management options to protect the public health. 

FDA will continue to infonn the public of its findings as knowledge is gained. 

Other steps may include developing and fostering pUblic/private partnerships to gather 
scientific and technological infonnation and data for assessing the human risk. 

14. What is FDA recommending to consumers? 

Until more is known about the health effects of perchlorate and its occurrence in foods, 
FDA continues to recommend that consumers eat a balanced diet, choosing a variety of 
foods that are low in trans fat and saturated fat, and rich in high-fiber grains, fruits, and 
vegetables. FDA does not recommend at this time that consumers should alter their 
infants' and children's diets and eating habits to avoid exposure to perchlorate. 

15. The EPA's draft drinking water eqnivalent range for perchlorate is 4 - 18 parts per 
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billion (ppb). Is this the allowable level of perchlorate in bottled water? 

EPA's draft drinking water equivalent range of 4 - 18 ppb for perchlorate is based on 2 
liters daily consumption and its provisional RID range of 0.1 - 0.5 micrograms per 
kilogram per day (7 - 35 ~g/day for a 70 kg adult). EPA has not yet set a maximum 
contaminant level (MCL), for perchlorate in drinking water. 

EPA is gathering data on the health effects, the occurrence in public water systems, 
analytical methods, and treatment techniques with respect to perchlorate that will be used 
to decide if a drinking water standard is warranted. The data will reveal whether 
perchlorate contamination is widespread enough to warrant a national standard. In the 
meantime, EPA is working with other federal agencies, states and other parties to clean 
up perchlorate contamination. 

If EPA establishes a standard, e.g., an MCL, for perchlorate in public drinking water, 
FDA will establish an allowable level for perchlorate under the quality standard 
regulations for bottled water. 

16. In some areas of California, perchlorate has been found in drinking water, or tap 
water. Do bottled water manufacturers test for perchlorate? 

FDA has not established a standard for perchlorate in bottled water and its current bottled 
water regulations do not require bottled water manufacturers to test for perchlorate. If 
EPA establishes a standard for perchlorate in public drinking water, FDA will establish a 
quality standard for perchlorate in bottled water, which will result in bottlers being 
required to test for perchlorate. 

The bottled water industry is aware of the potential for perchlorate contamination in 
source waters for bottling and some bottlers may voluntarily test for perchlorate. 
Consumers should contact the producers of their favorite brands for more information. 
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EPA Issues Guidance for Protective Cleanups of 
Perchlorate 

Release date:01/26/2006 

Contact: Kerry Humphrey, 202-564-43551 humphrey.kerry@epa.gov 

(1/26/06) EPA issued new protective guidance for cleaning up perchlorate 
contamination today recommending a preliminary clean-up goal for perchlorate of 
24.5 parts per billion in water. EPA's guidance is derived from the agency's 
reference dose for perchlorate which is based on the 2005 recommendations and 
conclusions of the nation's foremost science advisory committee (National 
Academy of Sciences). 

This preliminary goal is a starting point for an evaluation of site-specific conditions. 
Consistent with current practice, final clean-up determinations should take site
specific information into consideration. Today's action offers clear guidance to site 
managers to help ensure national consistency in evaluating perchlorate in light of 
widely varying state guidance. This decision was based on the best available 
science and will be updated as new information becomes available. 

Perchlorate has been detected in groundwater or drinking water at approximately 
45 of the 1,500 sites on the Agency's National Priorities List. Perchlorate salts were 
first produced in the United States in the mid-1940s, primarily for use by the United 
States military for explosives and rocket propellants. Perchlorate salts also have 
been used in other applications, including pyrotechnics and fireworks, blasting 
agents, matches, lubricating oils, air bags and certain types of fertilizers. 

To read the guidance document, visit:l}ttp:ll~P9,gQYlnE:)w$fQQm/p~rcbIQrQt~,pdf (3 
pp., 443KB PDF file) 
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Questions and Answers about 
Perchlorate in the Park Ridge Water System 

What is Perchlorate? 
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Perchlorate is both a naturally occurring and man-made chemical. Perchlorate is 
manufactured in the United States for use as the primary ingredient of solid rocket propellant 
and is also an ingredient in road flares. Perchlorate is also present in some natural geologic 
deposits which originated in arid climates and is used in certain types of specialized 
fertilizers which are made using materials imported from Chile. 

Perchlorate is an ion (dissolved salt) commonly associated with the solid salts of ammonium, 
potassium, and sodium perchlorate. These salts are highly soluble in water and can be very 
mobile in surface and ground water systems. 

How did Park Ridge find out that Perchlorate was in the water? 
As part of new Federal Environmental Protection Agency (EPA) and New Jersey Department 
of Environmental Protection (NJDEP) regulations, the Borough of Park Ridge Water 
Department, along with all the water companies in the nation, was required to sample for 
new unregulated contaminants to determine if they are present in our water supply. This 
requirement is known as the "Unregulated Contaminant Monitoring Rule" or UCMR 

As a result of the UCMR sampling, detectable concentrations of perchlorate (greater than 4 
parts per billion) were found in two of our wells located in Woodcliff Lake (Well #10 and 
Well #15). 

How much Perchlorate was found in the water? 
The following table presents the concentrations of perchlorate which have been measured in 
water samples collected at thepoints where water from our wells enters the water distribution 
system (known as the "point of entry"). Only two of our 14 "points of entry" (one at Well 
#10 and one at Wells #9 and #15) have exhibited perchlorate concentrations which exceeded 
the 4 part per billion UCMR Reporting Limit established by the EPA. 

Perchlorate Concentration 
Wells 9&15 (Old Mill Well #9 Well #15 Well #9 and 

Park) InflUent Influent #15 Effluenl 
26-Nov-02 Effluent Sampled Only (UCMR) 5.1 

7-Jul-03 Effluent Sampled Only (UCMR) 13 
25-Mar-04 ND 6 5 
25-Jun-04 2.6 5.7 4 
3-Aug-04 2.9 8.7 3.6 
IS-Aug-04 1.6 5.7 1.9 
7-Sep-04 5.3 6.4 3.5 
30-Sep-04 2.2 4.3 2.S 

Average to Date 2.9 6.1 

Well 10 
Well #10 Well #10 
Influent Effluent 

3-Mar-04 NJDEP Sampled Effluent only 23, 

25-Jun-04 23 21 

3-Aug-04 25 IS 
IS-Aug-04 25 18 

7-Sep-04 26 

30-Sep-04 24 
,{ ......... ", ...... i-,... n ..... #'" ')"-c 
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Additional sampling from the remaining Park Ridge wells has been conducted using analyses 
with an even more stringent detection limit than required by the EPA. These results have 
shown that trace levels of perchlorate (generally less than 1 part per billion) are present at six 
additional points of entry to the water system. Scientists are speculating that perchlorate may 
be ubiquitous in the environment at some trace concentration yet to be defined. 

Where did the Perchlorate comefrom? 
Perchlorate has been detected as a contaminant in water supplies at various locations 
throughout the county. The primary sources of perchlorate contamination at other locations 
have generally been associated with manufacturing or improper disposal of ammonium 
perchlorate, which is the main ingredient of solid propellant for rockets and missiles. It is 
also a component of fireworks and road flares. In addition to these uses, perchlorate is also 
an ingredient found in certain fertilizers from Chile used in horticulture. 

At this time, we do not know what source of Perchlorate (man-made or environmental) is 
affecting the Park Ridge water supply. There is new technology available which will be able 
to determine if the Perchlorate is man-made or environmental. Park Ridge has arranged to 
take this type of sample and expects those results back in few couple months. 

How Can Perchlorate Affect Human Health? . 
Perchlorate interferes with iodide uptake into the thyroid gland. Because iodide is an 
'essential component of thyroid hormones, perchlorate disrupts how the thyroid functions. In 
adults, the thyroid helps to regulate metabolism. In children, the thyroid plays a major role in 
proper development in addition to metabolism. Impairment of thyroid function in expectant 
mothers may impact the fetus and newborn and result in effects including changes in 
behavior, delayed development and decreased learning capability. Changes in thyroid 
hormone levels may also result in thyroid gland tumors. EPA's draft analysis of perchlorate 
toxicity is that perchlorate's disruption of iodide uptake is the key event leading to changes in 
development or tumor formation . 

. How much Perchlorate is safe to drink? 
As of this time, no Maximum Contaminant Level (MeL) or other standard for perchlorate in 
water supplies has been established by either the U.S. Environmental Protection Agency 
(EPA) or the New Jersey Department of Environmental Protection (NJDEP).' 

Are certain people more susceptible to the effects of perchlorate? 
Sensitive populations, like pregnant women, children and people who have health problems 
or compromised thyroid conditions, are advised by the EPA to follow the advice of their 
health care provider regarding the amount and type of liquids, including water that should be 
consumed. 
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March 7, 2006 
Honorable Kenneth A. Gabbert 
Mayor, Upper Saddle River 
376 West Saddle River Road 
Upper Saddle River, NJ 07458 

Dear Mayor Gabbert: 

The US Environmental Protection Agency (EPA) received a letter from the New Jersey 
Department of Environmental Protection (NJDEP) dated June 6,2005, requesting that 
EP A, " ... accept the Bergen County Perchlorate Contamination Issue and provide 
alternate water for impacted homes through point-of-entry treatment units (POETS) or 
waterline extensions on an accelerated basis." As a result, the EPA conducted residential 
drinking well water sampling and perchlorate analysis in Saddle River in November 
2UU5. By thIS letter, I wish to infornl you that EPA will soon report the results to the 
residents in a letter which will also include some explanatory information. 

During our telephone conversation on March 7,2006, I provided you with information 
regarding the perchlorate contamination issue. Please inform me if you prefer to be the 
contact person for EPA or identify your designated contact person to update you on 
activities regarding the perchlorate issue in your town. In addition, I would be pleased to 
meet with you and other officials at any time to discuss this issue. 

Additional information regarding perchlorate can be found in ATSDR's attached Public 
Health Statement on Perchlorates and at the following EPA web site: 
http://www.epa.gov/satewater/ccl!perchlorate/perchlorate.html. Also attached is EPA's 
January 26, 2006, Assessment Guidance for Perchlorate Memorandum which provided a 
Drinking Water Equivalent Level (DWEL) for perchlorate of 24.5 ugiL (a DWEL is a 
drinking water level which is protective over a lifetime of exposure). 

;r'~~~fT:ej P.d<Jn?~;s \l.;PL; • !;~tp f .::,.p.;i. -)CV 
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Should you have any questions or require additional infonnation, please feel free to 
contact me via the infonnation provided below. For questions or concerns regarding 
health issues, please contact Leah Escobar also via the infonnation provided below. 

Thomas P. Budroe 
On-Scene Coordinator-USEPA 
2890 Woodbridge Avenue 
Edison, NJ 08837 
(732) 906-6191 

Sincerely Yours, 

/ ,YG t:, r>( (?'.(~/ 

Thomas P. Budroe 
On-Scene Coordinator 
Removal Action Branch 

cc: J. Rotola, EPA 

enclosure 

Leah Escobar 
Regional Representative 
A TSDR Region 2 
2890 Woodbridge Avenue 
Edison, NJ 08837 
732-906-6932 



.:.(\~o c:r"" 
,.'"' '~~ 
:0 , • .iI!II!o. <" _ .. -~ 

~ '. 6 l. ~"'/J " 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
t~EGICN !I 

~~.< 
«'--t,. A,\.5 

AI, PRi)\1:.'J' 

Honorable Conrad S. Caruso 
Mayor, Saddle River 
100 East Allendale Road 
Saddle River, NJ 07458 

Dear Mayor Caruso: . 
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The US Environmental Protection Agency (EPA) received a letter from the New Jersey 
Department of Environmental Protection (NJDEP) dated June 6, 2005, requesting that 
EP A, " ... accept the Bergen County Perchlorate Contamination Issue and provide 
alternate water for impacted homes through point-of-entry treatment units (POETS) or 
waterline extensions on an accelerated basis." As a result, the EPA conducted residential 
drinking well water sampling and perchlorate analysis in Saddle River in November 
2005. By this letter, I wish to inform you that EPA will soon report the results to the 
residents in a letter which will also include some explanatory information. 

I contacted your office on March 7, 2006, and spoke to Charles Cuccia, Borrough 
Administrator, and provided him with information regarding the perchlorate 
contamination issue. 

Please inform me if you prefer to be the contact person for EPA or identify your 
designated contact person to update you on activities regarding the perchlorate issue in 
your town. In addition, 1 would be pleased to meet with you and other officials at any 
time to discuss this issue. 

Additional infon11ation regarding perchlorate can be found in ATSDR's attached Public 
Health Statement on Perchlorates and at the following EPA web site: 
bttp:,.\Y\\W~125!.:'2ov!sal(;\\ ater/cc[.rperchloratt>perchloratc.html. Also attached is EPA's 
January 26,2006, Assessment Guidance for Perchlorate Memorandum which provided a 
Drinking Water Equivalent Level (DWEL) for perchlorate of24.5 ug/L (a DWEL is a 
drinking water level which is protective over a lifetime of exposure). 
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Should you have any questions or require additional information, please feel free to 
contact me via the information provided below. For questions or concerns regarding 
health issues, please contact Leah Escobar also via the information provided below. 

Thomas P. Budroe 
On-Scene Coordinator-USEP A 
2890 Woodbridge Avenue 
Edison, NJ 08837 
(732) 906-6191 

Sincerely Yours, 

/ ~1·-

Thomas P. B udroe 
On-Scene Coordinator 
Removal Action Branch 

cc: C. Cuccia, Upper Saddle River 
J. Rotola, EPA 

enclosure: 

Leah Escobar 
Regional Representative 
ATSDR Region 2 
2890 Woodbridge Avenue 
Edison, NJ 08837 
732-906-6932 
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Angela Musella 
Bergen County Health Dept. 
22 West Prospect st. 
Waldwick, NJ 07463 

EDISON, NEW JERSEY 08837 

March 20, 2006 
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Re: Well Water Perchlorate Analytical Results for Residents in Upper Saddle River, 
Bergen County, NJ. 

Dear Ms. Musella: 

Enclosed are the letters reporting perchlorate analytical results to residents in Upper 
Saddle River, Bergen County, NJ, for water samples collected from private potable wells 
in November 2005. The samples were analyzed using EPA Method 331.0, 
"Determination of Perchlorate in Drinking Water by Liquid Chromatography 
Electrospray Ionization Mass Spectrometry." 

At this time, EPA will not be taking action at any of the residences included in this 
correspondence since none of the residential perchlorate analytical results exceed EPA's 
guidance value of24.5 ug/L. 

Also enclosed are ATSDR's Record of Activity, EPA's Assessment Guidance for 
Perchlorate Memorandum and ATSDR's Public Health Statement on Perchlorates. 

Please contact me at 732-906-6191 with any questions. 

Sincerely, 

Thomas P. B udroe 

cc: 1. Rotola, EPA 

enclosures 

lnternet Address (URL) • http://www,epa,gov 
•• '_;~".-T'O rJr,';J/ n~._·_~ 



9006'OI 



,,,,\~tO sr4 
." ?-f's> 

g ft rJ 
~~~ 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION II 

-t- " ~ '< 
~ ~ 

EDISON, NEW JERSEY 08837 
1-?-" .. ? 

L PA01t.
v 

John Christ 
Hackensack Health Department 
215 State Street 
Hackensack, NJ 07601 

March 20,2006 

Re: Well Water Perchlorate Analytical Results for Residents in Saddle River, 
Bergen County, NJ. 

Dear Mr. Christ: 

Enclosed are the letters reporting perchlorate analytical results to residents in Saddle 
River, Bergen County, NJ, for water samples collected from private potable wells in 
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. November 2005. The samples were analyzed using EPA Method 331.0, "Determination 
of Perchlorate in Drinking Water by Liquid Chromatography Electrospray Ionization 
Mass Spectrometry." 

At this time, EPA will not be taking action at any of the residences included in this 
correspondence since none of the residential perchlorate analytical results exceed EPA's 
guidance value of 24.5 ug/L. 

Also enclosed are ATSDR's Record of Activity, EPA's Assessment Guidance for 
Perchlorate Memorandum and ATSDR's Public Health Statement on Perchlorates. 

Please contact me at 732-906-6191 with any questions. 

Sincerely, 

Thomas P. Budroe 

cc: J. Rotola, EPA 

enclosures 
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MEMORANDUM 

January 26, 2006 

SUBJECT: Assessment Guidance for Perchlorate 

.ba-P~G~ 
FROM: Susan Parker Bodine 

Assistant Administrator 

TO: Regional Administrators 

11.1001 

OFFICt: OF 
SOlIO WASTE N«) EMERGENCY 

RESPONSE 

This guidance replaces previous Office of Solid Waste and Emergency Response 
(OSWER) guidance and the accompanying questions and answers (referenced below) regarding 
perchlorate under the National Oil and Hazardous Substances Contingency Plan (National 
Contingency Plan, NCP), 40 CFR Part 300. As explained below, following the National 
Academy of Sciences' National Research Council (NRC) review, EPA adopted a reference dose 
(RID) for perchlorate of 0.0007 milligramlkilograrn-day (mglkg-day), and this guidance applies 
that to EPA's CERCLA program. This RID leads to a Drinking Water Equivalent Level 
(DWEL) of 24.5 rnicrogramslliter (ugIL) or 24.5 parts per billion (Ppb). 

Previous guidance on this topic included the 2003 guidance entitled "Status of EP A's 
Interim Assessment Guidance for Perchlorate," and the accompanying questions and answers, as 
well as the 1999 "Interim Assessment Guidance for Perchlorate.· Those past guidances endorsed 
use of the provisional RID range, 0.0001 to 0.0005 mg/kg-day, until the final health risk 
benchmark was established. They went on to use the standard default body weight (70 kg, 
approximately 154 pounds) and water consumption level (2literslday [Uday]) to calculate a 
DWEL of 4-18 ppb that was used as a recommended screening level. 

Several agencies, including EPA, asked the NRC to review perchlorate toxicity. NRC's 
January 2005 final report, "Health Implications of Perchlorate Ingestion: recommended an RID 
of 0.0007 mglkg-day. Based on the NRC report and their recommended RID, the EPA 
Integrated Risk Information System (IRIS) perchlorate RID is now 0.0007 mg/kg-day. This 
IRIS RID is now a value "to be considered" (TBC) in accordance with section 300.400(g)(3) of 
the NCP. As suggested by the NCP's preamble (55 Fed. Reg. 8745 (1990», and subsequent 
guidance (OSWER Directive 9285.7-53 (2003», use of the RID in EPA's IRIS is preferred and 
consistent with the NCP's intent. EPA has determined that the RID recommended by NRC and 
adopted by EPA represents the best available science regarding the toxicity of perchlorate. 
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Consequently, this IRIS RID of 0.0007 mglkg-day is now the appropriate value for use by risk 
assessors and project managers. 

This RID leads to a DWEL of 24.5 ppb. EPA calculates the DWEL using the RID, 
multiplied by an adult body weight of 70 kg. and divided by a conservative tap water 
consumption value of 2 Uday. 

The National Contingency Plan (40 CFR 3oo.430(e)(2)(i)(A)(1» provides that when 
establishing acceptable exposure levels for use as remediation goals, consideration must be given 
to concentration levels to which the human populatio~ including sensitive subgroups, may be 
exposed without adverse effects over a lifetime or part of a lifetime, incorporating an adequate 
margin of safety. The RID for perchlorate, on which the acceptable exposure level would be 
based. is a conservative public health-protective value derived using an uncertainty factor to 
ensure protection of the most sensitive population. Specifically, because the RID includes a full 
ten-fold intraspecies uncertainty factor to protect the most sensitive population, the fetuses of 
pregrumtwomen who might have hypothyroidism or iodide deficiency, it is also protective of 
other sensitive populations such as neonates and developing children. As noted in the IRIS 
summary for perchlorate, an uncertainty factor of ten was viewed by the NRC as conservative 
and health-protective, particularly because the RID is based on a non-adverse effect that would 
precede any adverse effect resulting from perchlorate exposure. (For a more detailed discussion 
of EPA's basis for adopting NRC's recommended RID for perchlorate, see EPA's IRIS summary 
for perchlorate at http://www.epa.gov/iris/substlI007.htm.). In addition, the Agency's practice 
of using the RID to calculate a DWEL for perchlorate using a 70 kg body weight and a water 
consumption value of2 Uday is further supported in this instance by the fact that the standard 
weight and consumption values also represent weight and consumption values relevant for 
protectiDg the most sensitive population. 

The NCP calls for development of preliminary remediation goals based on readily 
available information. 40 CFR 3oo.430(e)(2)(i). Typically, preliminary remediation goals are 
specific statements of desired endpoint concentrations or risk levels (55 Fed. Reg. 8713 (March 
8, 1990» that are conservative, default endpoint concentrations used in screening and initial 
development of remediat alternatives before consideration of information from the site-specific 
risk assessment. Frequently, the determining values are those requirements that are applicable or 
relevant and appropriate (ARAR) requirements under federal environmental or state 
environmental or facility siting laws, although ARARs may be waived. Where (as with 
perchlorate) no federal or state ARARs have been promulgated, preliminary remediation goals 
may as appropriate be developed based on "to be considered" (TBC) values (40 CFR 
3oo.4oo(g)(3». The RID and its corresponding DWEL of 24.5 ppb are respectively the 
recommended TBC value and preliminary remediation goal for perchlorate. 

The NCP provides that "preliminary remediation goals should be modified, as necessary, 
as more information becomes available during the RIlFS" (remedial investigation I feasibility 
study). (40 CFR 3oo.430(e)(2)(i». R1s at sites with perchlorate contamination should be 
conducted with the same approach as RIs at all other sites, assessing factors such as physical 
characteristics of the site; characteristics or classifications of air, surface water, and groundwater; 
general characteristics of the waste; the extent to which the source can be adequately identified 
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and characterized; actual and potential exposure pathways through environmental media; actual 
and potential exposure routes; and other factors, as set out in 40 CFR 300.430(d). For example, 
the RI may indicate that individuals at a site may be exposed to perchlorate through mUltiple 
pathways. In such cases, contribution from non-water sources should be considered. based on 
site-specific data until further national guidance on relative source contribution is developed. 
The Regions should consult applicable guidance, such as "Risk Assessment Guidance for 
Superfund: Volume L Part A" (EP Al540/1-89/002, Dec. 1989) at pp. 8-15; and "Risk 
Assessment Guidance for Superfund: Volume I, Part B" (EPAl5401R-921003, Pub. 9285.7-01:a, 
Dec. 1991) at p. 20. If you have questions on the application of this guidance contact the 
Science Policy Branch ofOSWER's Office of Superfund Remediation and Technology 
Innovation. 

Final remediation goals and remedy decisions are made in accordance with 40 CFR 
300.430(e) and (f) and associated provisions. 
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EPA REGIONAL GUIDANCE DOCUMENTS 

The following documents are available for public review at the EPA Region II Field Office, 2890 
Woodbridge Avenue, Edison, New Jersey 08837 during regular business hours. 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Glossary of EP A Acronyms. 

Superfund Removal Procedures--Revision #3. OSWER Directive 9360.0-03B, 
February 1988. 

Hazardous Waste Operations and Emergency Response. 
Notice of Proposed Rule making and Public Hearings. 
29 CFR Part 1910, Monday, August 10, 1987. 

Guidance on Implementation of Revised Statutory Limits on Removal Action. 
OSWER Directive 9260.0-12, May 25,1988. 

Redelegation of Authority under CERCLA and SARA. 
OSWER Directive 9012.10, May 25,1988. 

Removal Cost Management Manual. 
OSWER Directive 9360.0-02B, April, 1988. 

Field Standard Operating Procedures (FSOP). 
#4 Site Entry. 
#6 Work Zones. 
#8 Air Surveillance. 
#9 Site Safety Plan. 

Standard Operating Safety Guides -- U.S. EPA Office of Emergency and Remedial 
Response, July 5, 1988. 

CERCLA Comprehensive Enviromnental Response, Compensation, and Liability Act 
of 1980 (Superfund). 

SARA: Superfund Amendments and Reauthorization Act of 1986. 

NCP: National Oil and Hazardous Substances Pollution Contingency Plan. 
Publication No. 9200.2-14. 

Guidance on Implementation of the "Contribute to Efficient Remedial Performance" 
Provision - Publication No. 9360.0-13. 

ix 
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Additional Guidance Documents are listed below and are available for review at the EPA Region II 
Removal Records Center. 

* 

* 

* 

* 

* 

* 

* 

* 

The Role of Expedited Response Actions (EPA) Under SARA - Publication No. 9360.0-15. 

Guidance on Non-NPL Removal Actions Involving Nationally Significant or Precedent 
Setting Issues - Publication No. 9360.0-19. 

ARARS During Removal Actions - Publication No. 9360.3-02. 

Consideration of ARARS DUling Removal Actions -Publication No. 9360.3-02FS. 

Public Participation for OSCs - Community Relations and the Administrative Record -
Publication No.9360.3-05. 

Superfund Removal Procedures - Removal Enforcement Guidance for On-Scene 
Coordinators - Publication No. 9360.3-06. 

QAIQC for Removal Actions - Publication No. 9360.4-0l. 

Compendium for ERT Air Sampling Procedures - Publication No. 9360.4-05. 
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Interim Specific & Generic 
Ground Water Quality Criteria 

The Ground Water Quality Standards (GWQS) (N.J.A.C. 7:9C) identify ground water classificatiQn 
areas and specify the quality criteria and designated uses for ground water in each of these areas. 
There are three types of numerical criteria: 

"specific criteria" (the constituent criteria listed in Appendix Table 1 of the GWQS); 

"[ot~rLr:rL§.p~cifiQ criteria" (derived using methodologies contained in the GWQS); or 

"interim generic criteria" (as listed for Synthetic Organic Chemicals in 
Appendix Table 2 of the GWQS). 

Interim specific criteria may be derived by the Department for any constituent, in accordance with the 
methodologies or risk assessment approach discussed in N.J.A.C. 7:9C1 .7(c)2, 3 and 4. 

Interim specific criteria shall be replaced with specific criteria as soon as reasonably possible by rule. 
The Department shall maintaih and make available to the public a listi.D9.:.9f.§!Unterjm $Re~jfig.crLt~Jia 
and the supplemental information used in their derivation. this list will be updated periodically to 
reflect any changes in the interim specific criteria based on more current or up-to-date scientific 
information . 

Where no specific or interim specific criterion exists (and published health-based information is 
lacking) for a Synthetic OrganiC Chemical (SOC), the interim generic criteria for carcinogenic or non
carcinogenic SOCs in Appendix Table 2 of the GWQS shall apply until an interim specific criterion has 
been established. 

For further information on interim criteria, please contact Debra Hammond at (609) 777-1753. 
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Constituent 

I Perchlorate 

Interim Ground Water Quality Criteria 
(in parts per billion, ppb) 

Higher 
QfP.QL 

Interim 1!tHI 
G.W. to.~ILr:n 

CASRN Criteria PQJ~ C[i1~ri.!! 

!3q!;;i~!in9 
!3a.ckgrounA 

Q .Q<;lIm~ at 
(~Lans1 

Effective PJJJ1U.G.i! ti9Jl 
Date QaJJ~{~J 

1114797-11 5.0 " 2.7 II 
5.0 " 3/26/07 II DWQI I 

I LJ3-0 UUU ... U. fumQrt'. J October 7, 
2005 

_ .. -_ .. -_.- --_... --- --

Practical Quantitation Level (POL) means the lowest concentration of 
a constituent that can be reliably achieved among laboratories within specified 
limits of precision and accuracy during routine laboratory operating conditions. 

The higher of the PQLs and interim criteria is the numerical 
standard to be applied for each constituent in Class II-A aquifers (N.J.A.C. 
7:9C-1.9(c». 

Basis and Date Updated This column indicates when an interim criterion 
was established and the basis for the criterion. 
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CENTER FOR FOOD SAFETY Ai~D APPLIED NUTRITION 
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CFSAN/Office of Plant & Dairy Foods 
November 2004 

Exploratory Data on Perchlorate in Food 
Table I : Perchlorate Va lues in Lettuce Samples 

Table 2: Perchlorate Values in Bottled Water Samples 
T:lblc 3: Perchlorate Values in Milk Samples 

Perchlorate is both a naturally occurring and manmade chemical. Naturally occurring 
perchlorate, for example, is found in nitrate fertilizer deposits in Chile. Most of the perchlorate 
manufac·tured in the United States is used as the primary ingredient of solid rocket propellant. 
Perchlorate is also used in pyrotechnics, such as fireworks, gun powder, explosives, and 
highway flares. In addition, perchlorate is used in a wide variety of industrial processes, 
including, but not limited to, tanning and leather finishing, rubber manufacture, paint and 
enamel production and additives in lubricating oils. In recent years there has been increasing 
interest in perchlorate levels in soil, ground water, drinking water, and irrigation water around 
the country and what health effects it may have. 

FDA recognizes the potential for perchlorate contamination in food through the use of 
contaminated irrigation water, processing water, and source waters for bottling. In order to 
better understand the answers to these questions, FDA has begun to determine the occurrence of 
perchlorate in a variety of foods to evaluate exposure to perchlorate from food and to support 
any action that might be needed to protect the public health. 

The data 

FDA is now posting an initial set of perchlorate data that were collected through August 19, 
2004, to inform the public of FDA's progress. The results reflect perchlorate levels detected in 
samples of individual food products. 

Tables I and 2 show perchlorate levels in lettuce and bottled water samples, respectively, 
collected as part of the initial phase of FDA's field assignment, "Collec;tjon and Analysis of . 
Food for Perchlorate," that was issued on December 23,2003, and posted on FDA's website. 
Lettuce samples were collected at the grower or packing shed while bottled water samples were 
collected at retail locations. For sample analysis, outermost leaves of each lettuce head were 
removed, similar to the actions typically taken by a consumer prior to consumption. 

Table 3 shows perchlorate levels found in milk samples that were collected and analyzed as part 
of FDA's research and method development, as well as part of the second phase of FDA's field 
assignment. All milk samples, except for raw milk samples that were obtained from a research 
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facility in Maryland, were collected at retail. 

Limits of the data 

These data are exploratory and should not be understood to be a reflection of the distribution of 
perchlorate in the U.S. food supply. The data cover a limited number of food categories, a 
limited number of products in those categories, and a limited number of brands. Also, the data 
do not fully address the variation from one unit of a food product to another unit of the same 
product, or from one production lot or production area of a food product to another lot. Also, 
the choice of food products for testing in this exploratory survey should not be taken as an 
indicator of food product choices by consumers. 

What consumers should understand 

Consumers should not view the perchlorate levels as an indicator of perchlorate exposure, or as 
the "risk" of eating certain foods. First, perchlorate levels alone do not equate to perchlorate 
exposure; calculating exposure requires consideration of both perchlorate levels, and the 
amounts of food that consumers eat. Second, estimates of perchlorate exposure take into 
account not single food items, but the wide variety of foods found in a range of diets. Third, the 
scope of the data is too limited to properly consider potential sources of variation in measured 
perchlorate levels,' such as variability between different units or lots of food .. 

Until more is known about the health effects of perchlorate and its occurrence in foods, FDA 
continues to recommend that consumers eat a balanced diet, choosing a variety of foods that 
are low in trans fat and saturated fat, and rich in high-fiber grains, fruits, and vegetables. FDA 
does not recommend at this time that consumers should alter their infants' and children's diets 
and eating habits to avoid exposure to perchlorate. 

Table 1: Perchlorate Values in Lettuce Samples 

Notes: 
(1) NQ = non-quantifiable 
(2) The estimated limit of quantitation (LOQ) is 1.00 ppb for lettuce. 
(3) For calculating the means, NQ = 0.5 ppb (1I2 LOQ) 

Type of Lettuce Location of 
Grower 

Green Leaf Lettuce Gadsen, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Green Leaf Lettuce Yuma, Arizona 

Perchlorate 
(ppb) 

11.8 

10.1 

10.7 

10.9 

13.9 

14.7 

23.1 
~---.-.~--.-.----.--.- ... --

I 
I 

I 
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Green Leaf Lettuce Yuma, Arizona 27.4 

Green Leaf Lettuce EI Centro, California 9.90 

Green Leaf Lettuce, Organic EI Centro, California 10.4 

Green Leaf Lettuce Holtville, California 17.7 

Green Leaf Lettuce Salinas, California 1.00 

Green Leaf Lettuce Salinas, California 1.30 

Green Leaf Lettuce Salinas, California 3.10 

Green Leaf Lettuce Salinas, California 3.83 

Green Leaf Lettuce Salinas, California 5.40 

Green Leaf Lettuce Salinas, California 5.98 

Green Leaf Lettuce Salinas, California 5.98 

Green Leaf Lettuce Salinas, California 7.72 

Green Leaf Lettuce Salinas, California 11.9 

Green Leaf Lettuce Salinas, California 14.6 

Green Leaf Lettuce Salinas, California 16.1 

Green Leaf Lettuce Salinas, California 21.7 

Green Leaf Lettuce Chester, New Jersey 1.20 

Green Leaf Lettuce Atascosa, Texas 7.60 

Mean 10.7 

Iceberg Lettuce East Yuma, Arizona 6.15 

Iceberg Lettuce Yuma, Arizona 3.71 

Iceberg Lettuce Yuma, Arizona 5.79 

Iceberg Lettuce Yuma, Arizona 6.l5 

Iceberg Lettuce Yuma, Arizona 7.68 

Iceberg Lettuce Yuma, Arizona 7.73 

Iceberg Lettuce Yuma, Arizona 7.82 

Iceberg Lettuce Yuma, Arizona 10.4 

Iceberg Lettuce Yuma, Arizona 12.9 

Iceberg Lettuce Yuma, Arizona 2l.4 
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Iceberg Lettuce Brawley, California 7.51 

Iceberg Lettuce Brawley, California 11.7 

Iceberg Lettuce EI Centro, California 7.19 

Iceberg Lettuce EI Centro, California 7.67 

Iceberg Lettuce EI Centro, California 8.27 

Iceberg Lettuce EI Centro, California 9.70 

Iceberg Lettuce EI Centro, California 9.96 

Iceberg Lettuce Gonzales, California NQ 

Iceberg Lettuce Holtville, California 6.20 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California NQ 

Iceberg Lettuce Salinas, California 2.28 

Iceberg Lettuce Salinas, California 2.28 

Iceberg Lettuce Salinas, California 3.31 
, 

Iceberg Lettuce Salinas, California 3.50 

Iceberg Lettuce Salinas, California 4.00 

Iceberg Lettuce Salinas, California 4.46 

Iceberg Lettuce Salinas, California 5.70 

Iceberg Lettuce Salinas, California 29.6 

Iceberg Lettuce 
Santa Maria, 

2.27 
California 

, 

Iceberg Lettuce Belle Glade, Florida 1.30 

Iceberg Lettuce Belle Glade, Florida 71.6 

Iceberg Lettuce 
Cedarville, New 

2.70 
Jersey 

--- .... ---_ ....... _ ... -
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Mean 7.76 

Red Leaf Lettuce Gadsen, Arizona 8.25 

Red Leaf Lettuce Yuma, Arizona 6.84 

Red Leaf Lettuce Yuma, Arizona 7.75 

Red Leaf Lettuce Yuma, Arizona 8.41 

Red Leaf Lettuce Yuma, Arizona 9.30 

Red Leaf Lettuce Yuma, Arizona 12.2 

Red Leaf Lettuce Yuma, Arizona 16.1 

Red Leaf Lettuce, Organic El Centro, California 2.80 

Red Leaf Lettuce, Organic El Centro, California 3.00 

Red Leaf Lettuce, Organic El Centro, California 26.8 

Red Leaf Lettuce, Organic El Centro, California 52.0 

Red Leaf Lettuce Salinas, California NQ 

Red Leaf Lettuce Salinas, California NQ 

Red Leaf Lettuce Salinas, California 2.50 

Red Leaf Lettuce Salinas, California 5.97 

Red Leaf Lettuce Salinas, California 6.65 

Red Leaf Lettuce Salinas, California 10.8 . 

Red Leaf Lettuce Salinas, California 11.1 

Red Leaf Lettuce Salinas, California 12.5 

Red Leaf Lettuce Salinas, California 12.9 

Red Leaf Lettuce Salinas, California 13.5 

Red Leaf Lettuce Salinas, California 16.5 

Red Leaf Lettuce Salinas, California 16.6 

Red Leaf Lettuce Salinas, California 17.2 

Red Leaf Lettuce Hondo, Texas 8.51 

Mean 11.6 

Romaine Lettuce Yuma, Arizona 7.15 

Romaine Lettuce Yuma, Arizona 7.35 
-
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Romaine Lettuce Yuma, Arizona 7.50 

Romaine Lettuce, Organic, 
Yuma, Arizona 9.17 Romaine Hearts 

Romaine Lettuce Yuma, Arizona 9.46 

Romaine Lettuce Yuma, Arizona 11.5 

Romaine Lettuce Yuma, Arizona 14.6 

Romaine Lettuce Yuma, Arizona 17.0 

Romaine Lettuce Yuma, Arizona 24.7 

Romaine Lettuce, Red Yuma, Arizona 129 

Romaine Lettuce Brawley, California 12.5 

Romaine Lettuce Brawley, California 17.1 

Romaine Lettuce Brawley, California 22.2 

Romaine Lettuce, Organic El Centro, California 5.80 

Romaine Lettuce, Organic El Centro, California 5.90 

Romaine Lettuce El Centro, California 11.3 

Romaine Lettuce Salinas, California 1.07 

Romaine Lettuce Salinas, California 1.10 
I 

Romaine Lettuce Salinas, California 1.48 

Romaine Lettuce Salinas, California 1.60 

Romaine Lettuce Salinas, California 2.30 

Romaine Lettuce Salinas, California 2.48 

Romaine Lettuce Salinas, California 3.79 

, Romaine Lettuce Salinas, California 4.16 

Romaine Lettuce Salinas, California 4.50 

Romaine Lettuce Salinas, California 5.80 

Romaine Lettuce Salinas, California 8.35 

Romaine Lettuce Salinas, California 8.40 

Romaine Lettuce Salinas, California 13.0 

Romaine Lettuce Salinas, California 23.9 
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Romaine Lettuce 
Watsonville, 

NQ 
California 

Romaine Lettuce Belle Glade, Florida NQ 

Romaine Lettuce Belle Glade, Florida 13.7 

Romaine Lettuce 
Blairstown, New 

7.07 
Jersey 

Romaine Lettuce 
Bridgeton, New 

4.46 
Jersey 

Romaine Lettuce 
Cedarville, New 

10.1 
Jersey 

Romaine Lettuce 
Emerson, New 

3.70 
Jersey 

Romaine Lettuce 
Newfield, New 

14.2 
Jersey 

Romaine Lettuce 
Toms River, New 

21.6 
Jersey 

Romaine Lettuce, Red, Certified 
Austin, Texas 6.85 Organic 

Mean 11.9 

Table 2: Perchlorate Values in Bottled Water Samples 

Notes: 
(1) NQ = non-quantifiable 
(2) The estimated limit of quantitation (LOQ) is 0.50 ppb for water. 

Type of 
Perchlorate Bottled Location of Source Water 
(ppb) (f.1g/L) Water 

Artesian 
Augusta, Georgia NQ 

Water 

Distilled 
Parkville, Missouri NQ 

Water 

Distilled 
Parkville, Missouri NQ 

Water 

Drinking 
Anaheim, California NQ 

Water 
~-.---~ ... --- ... ----.- - ------- -~-.-.~.- ... -~- .. -.--~ ~ ~ ~ --- -

• 
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Drinking 
Brea, California NQ 

Water 

Drinking EI Monte, South EI Monte, Rosemead, 
NQ 

Water and Baldwin Park, California 

Drinking EI Monte, South EI Monte, Rosemead, 
NQ 

Water and Baldwin Park, California 

Drinking 
Irvine, California NQ 

Water 

Drinking 
Ontario, California NQ 

Water 

Drinking 
Independence, Missouri NQ 

Water 

Drinking Parkville, Missouri NQ 
Water 

Drinking Parkville, Missouri NQ 
Water 

Drinking Jamestown, North Carolina NQ 
Water 

Drinking Jamestown, North Carolina NQ 
Water 

Drinking Abilene, Texas NQ 
Water 

Drinking 
San Antonio, Texas NQ 

Water 

Drinking 
Unknown NQ 

Water 

Drinking Unknown NQ 
Water 

Purified Dripping Spring, Texas NQ 
Rain Water 

Purified Brea, California NQ 
Water 

Purified Claremont, California and northern 
NQ 

Water California 

Purified Cucamonga, California NQ 
Water 

- ~- .. ---.-.-... - ...... -_ ... _-_ ... ---_ .. -_ ... 
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Purified 
Denver, Colorado NQ 

Water 

Purified 
WSSC Tara Road Facility, Maryland NQ 

Water 

Purified 
WSSC Tara Road Facility, Maryland NQ 

Water 

Purified 
Eagan, Minnesota NQ 

Water 

Purified Norfolk, Nebraska . NQ 
Water 

Purified 
Omaha, Nebraska NQ 

Water 

Purified 
Bishopville, South Carolina NQ 

Water 

Purified 
Richland County, South Carolina NQ 

Water 

Purified 
Corpus Christi, Texas NQ 

Water 

Purified 
Corpus Christi, Texas NQ 

Water 

Purified 
San Antonio, Texas NQ 

Water 

Purified 
Unknown NQ 

Water 

Purified 
Unknown NQ 

Water 

Purified 
Anaheim, California NQ 

Well Water 

Spring 
Benton County, Arkansas, Dickinson 
County, Kansas, or Lafayette Township, NQ 

Water 
Wisconsin 

Spring 
Gento County, Arkansas, Dickinson 
County, Kansas, or Lafayette Township, NQ 

Water 
Wisconsin 

Spring 
Highland, California 0.56 

Water 

Spring 
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Water Ontario, California NQ 

Spring 
New Tripoli, Bangor, Stroudsberg, 

Water 
Negins, South Coventry, and Pine Grove, NQ 
Pennsylvania, and/or Oakland, Maryland 

Spring 
Pine Grove, Pennsylvania NQ 

Water 

Spring 
Pine Grove, Pennsylvania NQ 

Water 

Spring 
Jasper, Texas NQ 

Water 

Spring 
Jasper, Texas NQ 

Water 

Spring 
Keller, Texas NQ 

Water 

Spring 
Keller, Texas 0.45 

Water 

Spring 
Wood County, Texas NQ 

Water 

Spring 
Unknown NQ 

Water 

Spring 
Unknown NQ 

Water 

Spring 
Unknown NQ 

Water 
--

Table 3: Perchlorate Values in Milk Samples 

Notes: 
(1) NQ = non-quantifiable 
(2) The estimated limit of quantitation (LOQ) is 3.00 ppb for milk. 
(3) For calculating the mean, NQ = 1.5 ppb (1/2 LOQ) 

Type of Milk 
Location Samples Perchlorate (ppb) 

Collected (llgIL) 

Raw Milk, Batch 1 Maryland 3.40 

Raw Milk, Batch 2 Maryland 4.23 

Raw Milk, Batch 3 Maryland 4.83 

Fat Free Milk California 5.70 
_._----

Page 10 of 14 
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Fat Free Milk Pennsylvania NQ 

1% Milk California 4.69 

1% Milk California 5.86 

1% Milk California 6.39 

1 % Milk California 6.99 

1% Milk California 8.33 

1% Milk Virginia 7.60 

1% Milk, 
Virginia 7.20 

Chocolate 

2% Milk California 4.31 

Whole Milk Arizona NQ 

Whole Milk Arizona 3.16 

Whole Milk Arizona 3.46 

Whole Milk Arizona 3.84 

Whole Milk Arizona 4.20 , 

Whole Milk Arizona· 4.60 

Whole Milk Arizona 4.70 

Whole Milk Arizona 4.81 

Whole Milk Arizona 4.90 

Whole Milk Arizona 5.10 

Whole Milk Arizona 5.50 

i Whole Milk Arizona 5.60 

. Whole Milk Arizona 6.18 

Whole Milk Arizona 6.20 

Whole Milk Arizona 7.30 

Whole Milk Arizona 7.40 

Whole Milk Arizona 8.80 

Whole Milk Arizona 9.40 

Whole Milk Arizona 10.2 
- _ ... _- - ... -.-... - .. ~ 
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Whole Milk Arizona 10.4 

Whole Milk California 3.40 

Whole Milk California 3.90 

Whole Milk California 4.04 

Whole Milk California 4.26 

Whole Milk California 4.30 

Whole Milk California 4.50 

Whole Milk California 4.50 

Whole Milk California 4.60 

Whole Milk California 4.60 

Whole Milk California 5.00 

Whole Milk California 5.00 

Whole Milk California 5.03 

Whole Milk California 5.30 

Whole Milk California 5.30 

Whole Milk California 5.32 

Whole Milk California 5.52 

Whole Milk California 5.60 

Whole Milk California 5.60 

Whole Milk California 5.60 

Whole Milk California 5.70 

Whole Milk California 5.80 

Whole Milk California 5.80 

Whole Milk California 5.87 

Whole Milk California 5.95 

Whole Milk California 6.10 

Whole Milk California 6.43 

Whole Milk California 7.49 

Whole Milk California 7.70 
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Whole Milk California 7.80 

Whole Milk California 9.15 

Whole Milk California 9.90 

Whole Milk Georgia NQ 

Whole Milk Georgia ' 8AO 

Whole Milk Georgia 9.06 

Whole Milk Kansas lOA 

Whole Milk Louisiana 3.20 

Whole Milk Louisiana 3.80 

Whole Milk Louisiana 3.90 

Whole Milk Louisiana 4.10 

Whole Milk Louisiana 7.00 

Whole Milk Maryland 5.50 

Whole Milk Maryland 7.30 

Whole Milk Maryland 7.70 

Whole Milk, 
Maryland 11.3 

Organic 

Whole Milk Missouri 4.60 

Whole Milk Missouri 5.90 

Whole Milk Missouri 6.70 

Whole Milk Missouri 7.90 

Whole Milk New Jersey 3.40 

Whole Milk New Jersey 3.60 

Whole Milk New Jersey 4.08 

Whole Milk New Jersey 4A4 

Whole Milk New Jersey 4.85 

Whole Milk North Carolina 5.12 

Whole Milk Pennsylvania 6.10 

Whole Milk Pennsylvania 6.90 
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Whole Milk Pennsylvania 7.20 

Whole Milk South Carolina 6.31 

Whole Milk Texas 3.84 

Whole Milk Texas 4.77 

Whole Milk Texas 5.62 
i 

Whole Milk Texas 6.83 

Whole Milk Texas 7.15 I , 

Whole Milk Virginia 6.80 

Whole Milk, 
Waspington 3.20 

Organic 

Whole Milk Washington 3.80 

Whole Milk Washington 4.20 

Whole Milk Washington 5.40 

Whole Milk Washington 6.54 

Whole Milk Washington 7.47 

Whole Milk Washington 7.70 

Mean 5.76 

Pesticides, Metal!?, Ct:JemjcalC90tamjngot$L~Natl,Jral Toxins 

CFSAN Home I CFSAN SearchfSllbjt:)ctlndex I CFSAN Disc!aimen; §.PrivaGYPQllcy I CFSANAccessibilityfHeip 
FDA Home Page I Search FDA Site I FDA A-Z-,nde~ I C9JJ@.ctFDA 

FDNCenter for Food Safety & Applied Nlltrition 
Hypertext llpdated by cjmfear November 26, 2004 
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Perchlorate found in produce from around the world 

After filling his shopping bags with foods from around the 
world, Houssain EI Aribi took them back to the lab and started 
to look for perchlorate. 

Just one serving of some fruits can contain enough perchlorate to exceed the National Academy of 
Sciences (NAS) safe daily dose by more than 25%, and wines and beers pack a bigger perchlorate punch 
than waters, according to a new study that measures perchlorate concentrations in fruits, wines, and 
beers from around the world. The findings are further evidence that risk models for what is turning out 
to be a widespread contaminant need to be revised. 

Sabrina Emms 

High levels of perchlorate were found in 
cantaloupe and grapes from Central and 
South America. 

Perchlorate is well known as a major component in rocket fuel, but the chemical also forms naturally. In 
sufficient amounts, perchlorate disrupts the thyroid by inhibiting the uptake of iodide, an essential 
component of thyroid hormones. 

In the study, cantaloupe from Guatemala "topped" the perchlorate charts at 463.5 parts per billions 
(ppb). An average serving, one-quarter ofa medium melon, weighs 135 grams and would supply 62.5 
micrograms (Ilg) of perchlorate. Fruit lovers who eat half a melon would get a 125-ppb dose. For a 70-
kilogram adult, the NAS-recommended safe daily dose is 49 Ilg of perchlorate. 

Some of the other high concentrations that chemist Houssain El Aribi and colleagues report in their 
paper include 145.6 ppb in Chilean apricots, 62.8 ppb in Mexican red tomatoes, 22ppb in Chilean green 
grapes, and 39.9 ppb in raw Mexican asparagus. 

Other studies have found low levels of perchlorate in rainwater and common foods produced in the U.S ., 
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such as milk and lettuce. The chemical has also been found in prenatal vitamins and seaweed. This is the 
first survey of foods from many parts of the world, says Purnendu "Sandy" Dasgupta at Texas Tech 
University. He adds that this study shows that perchlorate can be found all over the globe. 

El Aribi and his colleagues from analytical instrument companies Applied Biosystems-MDS Sciex and 
Dionex conducted the survey to demonstrate the power of a new analytical method, which they 
developed in cooperation with the U.S. EPA. 

EI Aribi is quick to note that the survey is just a rough snapshot and not a representative picture, but 
other scientists say that it covers important ground. "This is a really interesting paper; at least it may 
explain where all the perchlorate is coming from," says thyroid endocrinologist Thomas Zoeller at the 
University of Massachusetts, Amherst. Zoeller also notes that preliminary data from the Centers for 
Disease Control and Prevention show that the amount of perchlorate in urine is too high to be from 
drinking water alone. 

Overall, fresh fruits and vegetables from California· and Central and South America had the highest 
levels, whereas produce from Canada and China had the lowest. European levels also appeared to be 
low. "It is interesting to note that only certain agricultural areas are associated with a strong presence of 
perchlorate," the authors write. 

El Aribi purchased most of the food samples from Toronto-area stores between January 2005 and 
February 2006, but some were sent to him by colleagues overseas, he says. 

The scientists analyzed 77 wines and 144 beers. In light of the relatively high perchlorate concentrations 
in grapes, it is not surprising that wines contain higher concentrations of perchlorate than beers. Wines 
from Chile generally had the highest concentrations, which ranged from 7.2 to 38.8 ppb. But some large 
variations occur in wines from the same country. For example, the levels of perchlorate in a selection of 
8 Canadian wines were as high as 20.76 ppb and as low as 0.055 ppb. 

Levels in beers also varied widely. Although most contained less than 1 ppb perchlorate, El Aribi found 
concentrations as high as 21 ppb in a French beer. 

A surprising facet of the study, says El Aribi, is that perchlorate can remain in food even after it is 
cooked. Asparagus from Mexico had 39.9 ppb raw but retained 24.4 ppb after being boiled in water. 
This is a surprising result, because perchlorate is very soluble in water, he notes. Some good news is that 
home water filters effectively remove perchlorate from water, at least when they are new. 

The study's findings should have a significant impact on regulations that specify acceptable quantities of 
perchlorate in drinking water, says Gary Ginsberg, a toxicologist with the Connecticut Department of 
Public Health. Ginsberg has already coauthored a 2005 critique of the NAS reference dose. "Even 
though this is a screening study, the food contribution to daily perchlorate exposure looks to be quite 
substantial and so needs to be factored into drinking water criteria," he says. 

In March, the Massachusetts Department of Environmental Protection released proposed standards for 
drinking water and waste-si te cleanup of 2 ppb; these assume that 80% of perchlorate exposure comes 
from food and 20% from water. "This is a standard default assumption when you know that food is a 
significant but difficult-to-quantify source," says Ginsberg. 

EPA was also recently criticized by its Children's Health Protection Advisory Committee for setting a 
cleanup standard that assumes people are only exposed to perchlorate through drinking water. 
-REBECCA RENNER 

Copyright © 2006 American Chemical Society 
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ABOUTITRC 

Established in 1995, the Interstate Technology & Regulatory Council OTRC) is a state-led, 
national coalition of personnel from the environmental regulatory agencies of some 40 states and 
the District of Columbia, three federal agencies, tribes, and public and industry stakeholders. The 
organization is devoted to reducing barriers to, and speeding interstate deployment of, better, 
more cost-effective, innovative environmental techniques. ITRC operates as a committee of the 
Environmental Research Institute of the States (ERIS), a Section 50 I (c )(3) public charity that 
supports the Environmental Council of the States (ECOS) through its educational and research 
activitics aimed at improving the environment in thc United States and providing a forum for 
state environmental policy makers. More information about ITRC and its available products and 
services can be found on the Internet at www.itrcweb.org. 

DISCLAIMER 

This document is dcsigned to help regulators and others develop a consistent approach to their 
evaluation, regulatory approval, and deployment of specific technologies at specific sites. 
Although the infomlation in this document is believed to be reliable and accurate, this document 
and all material set forth herein are provided without warranties of any kind, either express or 
implied, including but not limited to warranties of the accuraey or completeness of information 
contained in the document. The technical implications of any information or guidance contained 
in this document may vary widely based on the specific facts involved and should not be used as 
a substitute for consultation with professional and competent advisors. Although this document 
attempts to address what the authors believe to be all relevant points, it is not intended to bc an 
exhaustive treatise on the subject. Interested readers should do their own research, and a list of 
references may be provided as a starting point. This document does not necessarily address all 
applicable heath and safety risks and precautions with respect to particular materials, conditions, 
or procedures in specific applications of any technology. Consequently, ITRC recommends also 
consulting applicable standards, laws, regulations, suppliers of materials, and material safety 
data sheets for infornlation concerning safety and health risks and precautions and compliance 
with then-applicable laws and regulations. The use of this document and the materials set forth 
herein is at the user's own risk. ECOS, ERIS, and ITRC shall not be liable for any direct, 
indirect, incidental, special, consequential, or punitive damages arising out of the use of any 
infonnation, apparatus, method, or process discussed in this document. This document may be 
revised or withdrawn at any time without prior notice. 

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to detemline the merits 
of, any speeific technology or technology provider through publication of this guidance 
document or any other ITRC document. The type of work described in this document should be 
performed by trained professionals, and federaL state, and municipal laws should be consulted. 
ECOS, ERIS, and ITRC shall not be liable in the event of any conflict between this guidance 
document and such laws, regUlations, and/or ordinances. Mention of trade names or commercial 

. products does not constitute endorsement or recommendation of use by ECOS, ERIS, or ITRC. 
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EXECUTJVE SUMMARY 

Perchlorate is both a naturally occurring and manmade anion consisting of chlorine honded to 
four oxygen atoms (C104 -). It is typically found in the foml of perchloric acid and salts sllch as 
ammonium perchlorate. potassium perchlorate. and sodium perchlorate. This introduction 
provides basic infomlation regarding perchlorate and perchlorate contamination. It is important 
to understand that information on perchlorate is continually being updated and that this 
document provides a snapshot in time of the current perchlorate situation. 

While perchlorate was once thought to occur naturally only in one location in Chile, ongoing 
study has found naturally occurring perchlorate in other locations as well. As a manmade 
compound, it has been manufactured since before the turn of the last century. primarily for usc in 
dcfensc activities and the aerospace industry: 

Highly soluble and mobile in water, perchlorate is also very stable. Most of thc attention focused 
on perchlorate contamination concerns groundwater and surface water contamination. However, 
perchloratc can also contaminate soil and vegetation. The potential for perchlorate contamination 
in drinking water and food supplies is a human health concern because it can interfere with 
iodidc uptakc by thc thyroid gland and, through this mode of action, result in decreased thyroid 
hormone production. 

In general, past management practices did not prevent thc release of pcrchlorate to the 
environment because it was not recognized or regarded as a contaminant of concern. Widcspread 
perchlorate contamination in the United States was observed after the spring of 1997, when an 
analytical method with a reporting limit of 4 ppb was developed. Additional sampling and 
analysis tcchniques have since been developed that can detect perchlorate at concentrations of 
1 ppb and lower. 

A variety of remediation technologies are currently commercially available and being uscd for 
perchlorate remediation. These remediation technologies fall into two broad categories-ion 
exchange and biological processes. The majority of these treatment technologies have been 
applied to remediation of groundwater; however, biological processes are also being applied to 
the remediation of soils. This document provides an overview of the commercially available 
technologies (and summaries of emerging technologies) still at the bench or pilot-scale stage. 

1lI 
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PERCHLORATE: OVERVIEW OF ISSUES, ST ATUS, AND REMEDIAL OPTIONS 

1. INTRODUCTION 

This overview document is designed primarily for state I regulators and stakeholders who may 
not be familiar with issues related to perchlorate. This introduction provides basic information 
regarding perchlorate and perchlorate contamination. Subsequent chapters of this document 
provide more detailed infonnation regarding sources of perchlorate (Section 2), sampling and 
analysis techniques (Section 3), a discussion of the risk-related issues concerning perchlorate 
contamination (Section 4), risk management strategies and regulatory status (Section 5), and a 
summary of current remediation technologies (Section 6). It is important to understand that 
infonnation on perchlorate is cQntinua1Jy being updated and that this document provides a 
snapshot in time of the current perchlorate situation. 

1.1 What Is Perchlorate? 

Perchlorate is an anion consisting of a chlorine atom 
bonded to four oxygen atoms (CI04 - ) (Figure 1-1). It is 
typically found in the fonn of perchluric acid and salts such 
as ammonium perchlorate, potassium perchlorate, and 
sodium perchlorate. Perchlorate is usually found as the 
anion component of a salt most often associated with one of 
the following common cations: ammonium (NH/), sodium 
(Na +), or potassium (K+). The resulting salts arc ammonium 
perchlorate (NH4CI04), potassium perchlorate (KCl04), 

and sodium perchlorate (NaCI04). 

Table 1-1 lists the physical properties of the common 
Figure I-I. Perchlorate anion. 

perchlorate compounds. Perchlorate exhibits the characteristics of high solubility and mobility in 
water, as well as being very stable. These characteristics lead to the fonnation of long and 
persistent contaminant plumes when it is released into either groundwater or surface water. Like 
the water contaminant nitrate, perchlorate is not attenuated to any great degree by soil surface 
chemistry. However, it can be broken down by natura!ly occurring bacteria in the environment. 

1.2 Sources of Perchlorate 

Perchlorate occurs both naturally and as a manmade compound. While it was once thought to 
occur naturally only in one location in Chile, ongoing study has found naturally occurring 
perchlorate in other locations as well. The United States Geological Survey (USGS) is currently 
conducting studies on natural OCCUlTing sources of perchlorate (Section 2.1). 

I Throughout this doculllent, the tenn "state" is used to refer to all regulatory entities having the general regulatory 
responsibilities of the states, including U.S. territories and commonwealths. 
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Table 1-1. P f hI d 
Ammonium Potassium Sodium 

Perchloric acid 
Properties": perchlorate perchlorate perchlorate 

(HCI04) 
(NH4C104) lKCI04) (NaCI04) 

CAS# 7790-98-9 7778-74-7 7601-89-0 7601-90-3 
Molecular weight 117.49 138.55 122.44 100.47 
Color/fonn White Colorless White Colorless oily 

orthorhombic orthorhombic orthorhombic liquid 
crystal crystal or white deliquescent 

crystalline crystal 
powder 

Taste/odor Odorless Slightly salty Odorless Strong odor 
Density/specific 1.95 glcm 

, 
2.53 g/cm j 2.52 g/cmJ 1.77 g/cm3 

gravity 
Solubility 200 giL water at 15 giL water at 2096 giL water Miscible in cold 

25°C 25"C at 25"C water 
Sorption capacity Very low Very low Very low Very low 
Volatility Nonvolatile Nonvolatile Nonvolatile Volatile , 

Octanol/H2O -5.84 -7.18 -7.J8 -4.63 j 

partition coefficient ! 

(log Kow) 
Vapor density No information 4.8 No infom1ation 3.5 
(air = ]) 
pH 5.5-6.5 6.0-8.5 .7.0 Highly acidic 
* Vapor pressure and evaporation rale are insignificant and there/ure not inclllded in this table, 

Although perchlorate was first manufactured commercially around the tum of the last century, its 
widespread manufacture in the United States began only in the mid-1940s. Since then, it has 
found widespread use in industry. Approximately 90% of perchlorate compounds, primarily 
ammonium perchlorate, are manufactured for use in defense activities and the aerospace 
industry. For example, ammonium perchlorate is used in a variety of commercially available 
products and industrial processes (Section 2.2). Besides salts of perchlorate, other forms of 
perchlorate exist, such as perchloric acid (HCI04), reagents for experimental use, and some 
fertilizers. Perchlorate has been used medically to control hyperthyroid conditions and Graves 
disease in the human thyroid (Wolf 1998). 

1.3 I)erchlorate Occurrences 
t 

Advances in analytical chemistry have allowed for the detection of perchlorate at gradually 
lower levels since 1997. More sensitive analytical detections have increasingly proven 
perchlorate to be more widespread in the environment than previously thought. In addition, 
recent investigations indicate that natural sources of perchlorate exist in the environment. As a 
result, contamination of soil, vegetation, groundwater, and surface water has been detected in a 
number of states. 

2 
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In general, past management practices did not prevent the release of perchlorate to the 
environment because it was not recognized or regarded as a contaminant of concern. Widespread 
perchlorate contamination in the United States was observed after the spring of 1997 when an 
analytical method with a reporting limit of 4 ppb was developed. Additional sampling and 
analysis techniques have since been developed that can detect perchlorate at concentrations of 
1 ppb and lower (Section 32), 

USEPA has monitored for perchlorate in public drinking water systems through the Unregulated 
Contaminant Monitoring Rule (UCMR) program, Under UCMR I, detections of perchlorate 
were analyzed using USEPA Method 314,0 at approximately 2.800 large public water systems 
and a representative sample of 800 (out of 66,000) small public water systems, As of January 
2005, perchlorate had been detected in 153 public water systems and 25 states across the United 
States (USEPA, n.d.). Geographically, the highest density of perchlorate detection is in southern 
California, west central Texas, along the east coast between New Jersey and Long Island, and in 
Massachusetts. The apparent absence of perchlorate occurrence in some regions may merely be 
because relatively few sources have been sampled, More intensive sampling, particularly of 
small systems, may detect perchlorate-contaminated drinking watcr sourccs in these regions 
(Brandhubcr and Clark 2005). Monitoring undcr UCMR 1 has becn completed. Thc proposed 
rule for monitoring of perchlorate and other contaminants under UCMR :2 was published in 
August 2005. The proposed rule includes the list of proposed contaminants and methods for 
monitoring (Federal Register 2005). Monitoring for perchlorate and other contaminants under 
UCMR 2 is proposed for 2007-2011. 

Additional sampling efforts have been undertaken by the Department of Defense, other federal 
agencies, site owners, and universities. The majority of detections in drinking water have not 
been associated with USEPA-identified perchlorate releases, and most detections have been 
below 12 ppb (Figure 1-2). 
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Figure 1-2. National perchlorate detections as of September 2004 (USEPA 2004a). 
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The greatest amount of attention to perchlorate contamination concerns drinking water: however, 
recent studies have also found perchlorate in the food supply. In December 2004, the US Food 
and Drug Administration (FDA) released an initial set of exploratory data on perchlorate levels 
in individual samples of lettuce, milk, spring water, and bottled water (USFDA 2004a). 
InfoTI11ation on the full extent of perchlorate occurrences in the United States has yet to be 
determined. 

1.4 Perchlorate rusk 

Perchlorate is of concem because it can interfere with iodide uptake by the thyroid gland_ 
Because iodide is an essential component of thyroid hormones, perchlorate exposure may result 
in decreased thyroid hormone production. Section 4 of this document discusses toxicity, 
exposure, and risk in detail. 

1.5 Perchlorate Regulation 

The U.S. Environmental Protection Agency (USEPA) established a human reference dose (RtD) 
for perchlorate at 0.0007 milJigramslkilogram/day (mg/kg/D) in February 2005. A reference dose 
is a scientific estimate of a daily exposure level that is not expected to cause adverse health 
effects in humans. The 0.0007 mg/kg/D RID equates to a drinking water equivalent level 
(DWEL) of 24.5 parts per billion (ppb) (Section 4.4.2). A DWEL, which assumes that all of a 
contaminant comes from drinking water, is the concentration of a contaminant in drinking water 
that will have no adverse effect with a margin of safety. Because margins of safety are built into 
the RID and the DWEL, exposures above the DWEL are not necessarily considered uIlsafe. 
However, DWELs are not an enforceable standard. In most cases, the standard is a maximum 
contaminant level (MCL), the maximum permissible level of a contaminant in water delivered to 
any user of a public water system. 

USEPA is in the process of establishing an MCL for perchlorate. Some states have adopted 
advisory levels for perchlorate in drinking water, and a few are considering or are in the process 
of promulgating state levels. Section 5 of this document discusses the regulatory s-tatus of 
perchlorate in greater detail. 

1.6 Perchlorate Remediation 

The majority of remediation technologies associated with perchlorate contamination address 
perchlorate in groundwater and drinking water. This document provides an overview of proven 
and commercially available technologies, specifically ion exchange and bioremediation. 
Emerging technologies with tested bench-scale and/or pilot-scale studies, as well as those in the 
development stage, are also briefly discussed (Section 6). A more detailed review and discussion 
of perchlorate treatment technologies, including a number of case studies and associated costs, 
will be provided in a subsequent technical and regulatory guidance document planned by the 
ITRC Perchlorate Team for publication in 2006. 

4 
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2. SOURCES, USES, AND OCCURRENCES 

Perchlorate occurs both naturally and as a manufactured compound. Knowing the sources of 
perchlorate and the variety of uses it has served will help to guide perchlorate investigations. 
While a variety of sites where perchlorate contamination is known to occur have already been 
identified. it can be assumed that additional sites will be discovered as more geographical areas 
arc tested and additional infonnation becomes available. 

2.1 Sources of Perchlorate 

At this time, most naturally occurring sources of perchlorate appear to be geographically limited 
to arid environments. These deposits tend to be low in concentration, except for the relatively 
high natural perchlorate concentrations found in Chilean caliche 2 and some potash ores. In 
contrast, manmade perchlorate sources can be many times more concentrated than most natural 
sources. In environments where both types exist, research to discriminate between the two types 
. . 
IS ongomg. 

Sites that been identified with high concentrations of perchlorate contamination (in the thousands 
of part per billion or more) have involved manufacturing, testing or disposal of solid rocket 
propellant; manufacturing of perchlorate compounds; and industrial manufacturing operations 
where perchlorate compounds were used as reagents. In addition to covering these kinds of 
sources of contamination, this section will also address potential sources of manmade 
perchlorate that are likely to have created lower concentration perchlorate contamination. In 
these cases, it is assumed that the quantities of perchlorate causing the contamination arc smaller 
or that the sources are disseminated. It should be noted that in some cases the source of 
perchlorate contamination has not been detennined. 

2.].] Natural Sources of Perchlorate 

2.1. J. J TheOlY of the Origin of Natural Sources of Perchlorate 

A current theory regarding the origin of naturally occurring perchlorate in the environment 
centers on natural atmospheric processes. While the exact mechanism for the creation of 
perchlorate is unknown, the theory suggests that chloride, possibly in the fonn of sodium 
chloride from the sea or land-based chloride compounds blown in from the atmosphere, reacts 
with atmospheric ozone to create perchlorate. This process probably occurs over much of the 
earth and is analogous to nitrate formation in the atmosphere (Walvoord et a1. 2003). In addition, 
there is the possibility that lightening may playa role in the creation of some atmospherically 
produced perchlorate (Dasgupta et a1. 2005 and Jackson et a1. 2003a), but this theory has not 
been confinned. The rate of perchlorate creation in the atmosphere has not been detennined, 
although it is thought to be a relatively slow process. 

:'''Caliehe'' is generally defined as a desert soil fonned by the near-surface crystallization of calcite and/or other 
soluble minerals by upward-moving solutions. Commonly refened to as "hardpan" in the United States, caliche also 
results when precipitation dissolves salts in the soil, percolates downward, and then precipitates these cementing 
salts at some generally shallow depth, where the evaporation rate exceeds the rate of precipitation. 
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FoJlowing atmospheric creation, perchlorate returns to the earth's surface dissolved in 
precipitation. In arid environments, where the rate of deposition exceeds the rate of dissolution 
by ongoing precipitation, perchlorate can be incorporated into certain geologic formations (Orris 
2004). Sampling and analysis of geologic materials from both existing coJlections and new field 
additions is ongoing by USGS. Initially. samples were taken in the southwestern United States. 
but now this sampling effort includes other geographieal areas, more diverse terrains, and areas 
outside the United States. Samples terrains include playas, caliche-containing soils, dry lakebeds, 
and evaporite deposits (see Appendix B). USGS is also studying perchlorate in groundwater 
around the United States to help determine thc geographical extent and concentration of 
perchlorate in the environment; determine which geologic materials contain perchlorate; and 
confirm the rate, concentration, and pervasiveness of perchlorate in precipitation and 
groundwater. Although USGS studies are ongoing, preliminary analytical results show that 
perchlorate appears to be naturally present in arid environments and appears to concentrate in a 
manner similar to that of nitrate (Walvoord et aJ. 2003). 

In addition to these USGS studies, analysis of precipitation samples collected from weather 
station evaporation pans is being conducted by the National Weather Service in cooperation with 
USGS. Sampling of the atmosphere at altitude for perchlorate and precursor chemicals may be 
an additional area for investigation (Orris 2004). 

2.1.1.2 Chilean Nitrate 

Until recently, naturally oceurring perchlorate was known to exist in the environment at only one 
location-the Atacama Desert in Chile. Similar but less extensive deposits have also recently 
been found in Pem and Bolivia. The perchlorate in Chile exists in mineralogical association with 
nitrate of soda caliche deposits that may have been derived in part from past local volcanic 
activity (Ericksen 1983 and Schumacher 1960). Chilean nitrate deposits have been mined to 
produce fertilizer and saltpeter for gunpowder for export since the I 830s. Chilean nitrate ore has 
been imported into the United States since at least the late 1800s for usc as fertilizer, for saltpeter 
used in gunpOWder, and as a feedstock to making nitric acid, explosives, fireworks, and 
additional end products. 

2.1.1.3 Evaporite Deposits 

Evaporite deposits are those formed by evaporation concentration in arid environments. These 
marine and nonmarine deposits include salts of bromine, boron and borates, gypsum and 
anhydrite, nitrogen compounds, potash, iodine, sodium sulfate, and sedimentary phosphate 
(Lefond 1975). Evaporites tend to be deposited in a specific chemical sequence as the 
concentration increases, such that potassium or other salts that precipitate after halite (rock salt 
or sodium chloride) are those most likely to contain perchlorate, based on current sample 
analysis. 

In an initial round of USGS testing, more than 90% of the natural materials samples had 
detectable perchlorate, some at low concentrations and others involving potash (sylvite) deposits 
with perchlorate values up to 489 parts per million (ppm) (Orris et al. 2003, Orris 2004; see 
Appendix B). Potash is mined and milled in the United States, Canada, and elsewhere. Potash 
ore has also been recovered via solution mining and exists in solution in the Grcat Salt Lake in 
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Utah. Economic ore minerals of potash include sylvite, sylvinite, langebinite, kiainite. and 
carnallite. Most potash production is dedicated to feedstock for making fertilizers. The remaining 
commcrcial and industrial uses include potassium-bearing chemicals and reagents. flux in the 
aluminum industry, as an alternative to deicing salt, water conditioning. detergents, ceramics, 
and pham1aceuticals (Downey 2002). Samples of processed potash products have not tested 
positive for perchlorate to date. 

Other evaporite deposits besides potash may also have the potential of associated perchlorate. 
Some examples include trona, borax, gypsum, Epsom salts, and others. Borates have been used 
for boric acid production, as a pesticide/lumber preservative, and as an ointment. Borax is also 
used as part of an abrasive hand cleaner. Colemanite is used as a component for some fertilizers 
for alfalfa and clover (Lefond 1975). 

2.1.1.4 Other Potentially Naturally Occurring Perchlorate Sources 

Perchlorate has been detected in seaweed at a concentration of 885 ppm in a sample of kelp 
collected and analyzed by the USGS (Orris et aI. 2003). Whether other types of seaweed or 
marine algae contain perchlorate has not yet been determined. 

2,1.2 Manmade Perchlorate 

Perchlorate was first manufactured in commercial quantities in Masebo, Sweden in the 1890s by 
Stockholms Superfostfat Fabrisk AB. Commercial production elsewhere in Europe and the 
United States followed shortly thereafter. The earliest production in the United States appears to 
have been by Oldbury Electro-Chemical in Niagara Falls, New York, in 1910. Several 
perchlorate production plants are known to have operated in the United States since that time 
(Table 2.1). In 1960, Schumacher documented over 40 different perchlorate compounds that had 
been produced in laboratory and industrial settings (Schumacher 1960). One chemical 
manufacturer lists 80 perchlorate chemicals in its product line. However, the vast majority 
(>99%) of manufactured perchlorate compounds consist of the following four: ammonium 
perchlorate, sodium perchlorate, potassium perchlorate, and perchloric acid. See Appendix C for 
a compilation of other, less-common manufactured specialty perchlorate compounds. 

A number of processes have been patented for the production of perchlorates. In general, sodium 
perchlorate is manufactured electrolytically using sodium chlorate as the feedstock. Potassium 
perchlorate and ammonium perchlorate are produced in a second step by reacting sodium 
chloratc as a water solution with other chemicals to create concentrated solutions of either 
potassium perchlorate or ammonium perchlorate, depending on the added chemical(s). 
Perchlorate crystals are precipitated from the solution and are then dried to produce a 
homogeneous, dry, granular product that is shipped in sacks and drums for sale to manufacturers 
of various perchlorate-containing end products. 
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. perc ~. -Table 2-1. U.S hi f: 
Years of 

operation -
Company Location Comments 

or 
production 

Oldbury Elcctro- Niagara 1910-1940 Hooker Electrochemical was acquired 
Chemical (later became Falls, New by Occidental Chemical Company in 
Hooker Electrochemical) York 1968 
Western Electrochemical Los ]943-1945 Manufactured potassium perchlorate 
Company Angeles, 

California 
Westcrn Electrochemical Henderson, 1945-2002 Merged with American Potash and 
Company Nevada Chemical Company in 1955; acquired 

by Kerr-McGee in 1967; manufactured 
ammonium perchlorate, sodium 
perchlorate, and potassium perchlorate 

Hooker Chemical and Columbus, 1958-1965 Currently Eka Nobel 
Foote Mineral (joint Mississippi 
venture H.E.F., Inc.) 
Pennsalt Chemicals Corp. Portland, 1958-1965 Currently Arkema, Inc. 

Oregon 
Pacific Engineering and Henderson, 1958-1988 Ammonium perchlorate plant destroyed 
Production Company of Nevada by explosion in 1988; never reopened 

! Nevada 
American Pacific Cedar City, 1989- Sole remaining North American 
Corporation Utah present producer of ammonium perchlorate for 

solid propellant 

USEPA has ,compiled infornlation on known or suspected users or manufacturers who have 
shipped more than 500 pounds of perchlorate in anyone year (USEPA 2003a). American Pacific 
Corporation manufactures ammonium perchlorate in Cedar City, Utah, and is currently the sole 
domestic manufacturer of commercial quantities of propellant-grade ammonium perchlorate. 

2.1.3 Differentiating Between Natural and Manmade Perchlorate 

Some locations may have a mixture of manmade and naturally occurring perchlorate (Duncan, 
Morrison, and Varicka 2005). The western half of the United States appears to represent the 
most likely area for mixed plumes to occur due to favorable geological and precipitation 
conditions. The continued evolution of analytical forensic techniques may permit the 
fingerprinting of detected perchlorate plumes to ascertain whether the source is natural or 
manmade and to what extent each source type is represented (see Section 3.4). 

The information in this table is derived from many sources and is not comprehensive. Western Electrochemical 
Company, Pacific Engineering and Production Company of Nevada. and Amelican Pacific Corporation arc linked 
through successive corporate acquisitions. Other plants are believed to have operated and continue to operate, 
especially for the production of perchloric acid and specialty reagent compounds. 
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2.2 Uses for Perchlorate and Associated Releases 

Indications arc that perchlorate use was limited prior to World War II, with the most prevalent 
applications being fireworks and railroad signal flares. In 1939, Uses and Applications of 
Chemicals and Related Materials lists uses only for perchloric acid (Gregory 1939). Volume II 
of the same document, published in 1944, added uses of potassium perchlorate (Gregory 1944). 
Potassium perchlorate was placed on the list of strategic chemicals in 1940. See Appendixes C
E for more infonnation. 

Beeause it is an exceptional oxidizer with additional useful properties, perchlorate is widely used 
today by industry. the U.S. Department of Defense (000), and National Aeronautics and Space 
Administration (NASA) and in a few specific medicinal applications. Perchlorate usage appears 
to be ubiquitous across the United States, with new information on applications and locations of 
usage increasing as time passes (see Appendixes 0 and E). In the United States, approximately 
90(% by weight of industrial perchlorate production is dedicated to making ammonium 
perchlorate for usc as an oxidizing agent for solid propellant rockets and missiles. The majority 
of the remaining U.S. production capacity consists of perchloric acid, sodium and potassium 
perchlorate. and a variety of other perchlorate salts. 

2.2.1 Solid Propellants 

Of the four main manufactured perchlorate compounds, ammonium perchlorate as used for solId 
propellant rockets and missiles makes up the largest proportion by volume of U.S. production. 
However, the earliest use of perchlorate as a solid propellant was in the form of potassium 
perchlorate. Thc Guggenheim Aeronautical Laboratory at the California Institute of Technology 
developed a formulation that combined asphalt as a binder and fuel with the oxidizer potassium 
perchlorate for usc in jet-assisted take-off units (Hunley 1999). In the middle to late 1940s and 
early I 950s, perchlorate-based rocket motors that used potassium perchlorate were developed for 
smaller tactical missiles. 

In the early to middle 1950s, ammonium perchlorate began replacing potassium perchlorate as 
the preferred oxidizer for solid propellants in large rocket motors. By 1958, the NIKE Hercules 
missile, which replaced the NIKE Ajax missile, used a solid propellant motor of polysulfide
ammonium perchlorate. In the 1960s, solid propellant mixtures of ammonium perchlorate and 
powdered aluminum replaced liquid propellant systems in intercontinental ballistic missile 
systems. Other examples of solid rocket motors that use ammonium perchlorate include the 
space shuttle and commercial satellite vehicles. Each of NASA's space shuttle booster rockets 
contains solid propellant made up of fine aluminum powder fuel and ammonium perchlorate 
oxidizer. Many commercial satellite launch vehicles also use solid rocket motors with 
ammonium perchlorate propellant as strap-on boosters to increase payload capacity. 

Small rockets attached to ejector scats for pilots, explosive bolts for separating missile stages or 
other components, and oxygen generators for both civilian and defense aircraft also use 
per~hlorate. Due to degradation issues, many of these devices are replaced as the shelf life 
expIres. 

9 



11.4034 

ITI~C Perchlorate: (h en'lc\\, of "Sl1l". StJtu~. and Rell1cdlJI Actions September 2005 

2 2.1.1 Disposal of5'olid Propellollts 

Perchlorate-containing debris. scraps of solid propellant and explosives, and rejected rocket 
motors have been disposed of by buming in open burn/open detonation (OB/OD) areas. 
However. in the past. solid propellant or explosives not bUllled to completion could permit 
perchlorate to be dissolved and cause contamination in soils and waters. Current practice is to 
usc burn pas for the destmction of propellants. After the initial bum, a clean up is performed and 
any unconsumed material is treate again. At many 000 sites. even the ash is rebullled, collected 
in drums and tested to ensure complete combustion of all energetic material. 

Other processes have been used to dispose of solid propellants. For example, hydro-mining or a 
hog-out process is used to wash out solid propellant with high-pressure water jets to enable reuse 
of rocket motor hardware. Unfortunately, in the original system configuration, the liquid waste 
from the hog-out process was discharged untreated to the ground surface or into leaky lagoons 
and contaminated surface and groundwaters. This practice of untreated discharge is no longer 
cmployed due to the discovery of associated groundwater plumes. Current practice is to capture 
and treat the waste stream prior to discharge. 

2.2.1.2 Rep/(fCCfl](:'l7t alAmmoniulI1 Perchlorate in Solid Rocket Propellants 

DoD has development programs under way to replace ammonium perchlorate in solid rocket 
propellants. While alternative energetic oxidizers exist, significant cost, availability, 
environmental, and performance issues remain that have so far prevented their use in fielded 
weapon systems and launch vehicles. Each rocket or missile systems has unique performance 
demands that require consideration when attempting to replace ammonium perchlorate. The 
Green Missile Program is a development program to demonstrate the viability of replacing 
ammonium perchlorate in large rocket or missile systems with an environmentally friendly 
alternative oxidizer. 

NASA recently announced a new paraffin-based solid propellant being developed and tested to 
replace perchlorate-based fuels for spacecraft use (NASA 2003). In testing since 2001, the fuel's 
advertised advantages include nontoxicity, carbon dioxide and water combustion products, 
increased safety due to high stability, and the ability to be shut down and restarted quickly. 
However, the applicability of this paraffin-based fuel to meet 000 requirements for solid 
propellants is unknown. 

2.2.1.3 Missile Recydi'lg 

Within 000, a backlog of perchlorate-based solid propellant rockets and missiles that have 
exceeded their perchlorate shelf life arc currently in storage. These will eventually require 
treatment or perhaps recycling of the perchlorate. I f not treated or recycled, corrosion of these 
weapon systems wiIl eventuaIly become a concern. 

The Anny Aviation and Missile Command's Research Development and Engineering Center has 
developed and demonstrated a missile-recycling capability. In this process, the energetic 
materials processing module uses supercritical anyhydrous ammonia in a closed-loop system to 
recover HMX (high-melting-point explosive), RDX (royal demolition explosive), and 
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ammonium perchlorate for recycling, In 2003 and 2004, 14,600 tactical optical wire-guided 
missiles were processed in this way. Up to 15,000 missiles are projected for recycling in 2005, 

211.4 Perchlorote Contamination Associated with Solid Fuel La1lnch Vehicles 

Perchlorate releases to groundwater associated with the space shuttle and other solid-fuel launch 
vehicles at various locations within the NASA sphere of operations have been documented at Jet 
Propulsion Laboratory, Cape Canaveral. and elsewhere, At least one study assessing the 
potential for perchlorate release from launching operations has been published (Lang et aL 
2002), 

2.2.2 Munitions 

All of the services within DoD have current and/or past weapon systems that contain perchlorate 
in varying amounts, A 2001 DoD survey of weapons systems containing perchlorate listed 259 
different munitions and related items such as fuzes, flares, illumination rounds, simulators, 
grenades, etc" as well as 41 missile systems in the DoD Munitions 1tems Disposition Action 
System (MIDAS) database. For example, current families of munitions containing perchlorate in 
usc by the Army include training simulators. insensitive munitions. smokes or obseurants, 
pyrotechnics, grenades. signals and flares, and fuzes. Some types of simulators contain relatively 
high perchlorate concentrations, as do most of those with solid rocket motors, 

The Am1Y, Navy, and Air Force are all looking more thoroughly at historical records related to 
research and development, manufacture, usc, storage and disposal to develop a timeline for 
perchlorate-containing munitions to better understand the residues that may be on various 
training and testing ranges. 

2.2.2.1 Munitions Mal1l!f'acluring 

In the past, munitions manufacturing facilities and operators conducted hydraulic wash out 
(often referred to as hog-out) of equipment used in solid propellant and munitions production. 
These operations present another opportunity for potential releases of perchlorate into the 
environment 

2,2.2.2 Munitions Disposal 

Prior to 1970, unused munitions were buried on ranges. Over long periods of time, corrosion 
degrades the munitions casing, resulting in the potential release of incorporated perchlorate into 
the environment. However, the potential for perchlorate release to the environment can vary 
greatly, depending on the length of use and the types and amounts of munitions disposed. For 
example, not all of the munitions contained any appreciable amount of perchlorate. In addition, 
the larger munitions that contained ammonium perchlorate would have been subject to OB/OD 
(See Section 2.2.1.1), These factors would reduce the probability of the burial sites contributing 
perchlorate. 
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2.2.2.3 Perchlorale Replacemenl Programs 

Efforts arc under way to replace perchlorate in at least some munitions. For example, the Army 
has a preliminary perchlorate replacement program focuscd on two specific munitions that 
constitute a largc percentage of perchlorate usage. Edgewood Chemical Biological Center 
(EeBC) has proposed replacing the photoflash power (the explosive charge inside the 
pyrotechnic device that contains perchlorates and provide the "bang") with an organic compound 
to eliminate the use of perchlorate in the two simulators-the M 115A2 Artillery Simulator and 
the M 116A I Hand Grenade Simulator. Alternatively, Picatinny Arsenal has proposed replacing 
the photoflash powder with a metallic base material. One compound from ECBC and one 
compound from Picatinny Arsenal will be selected and compared to determine the better one for 
replacement of thesc two simulators; however, these two compounds have yet to be chosen. 
These alternatives will undergo selectivc testing and comparison to detern1ine better 
replacement. Other serviccs arc also cxploring perchlorate rcplacement. 

In addition to service specific programs. DoD's Stratcgic Environmental Research and 
Development Program (SERDP) has a new project investigating perchlorate alternatives. This 
project is designed to dcvelop propellants that havc a modifiable burn rate, meet or exceed 
current perforn1ance specifications, and are environmentally benign (SERDP 2005). 

2.2.2.4 Perchlorate Contamination at Current and Fonner Alilitmy Facilities 

A number of military facilities have documented perchlorate groundwater and surface water 
contamination (selected examples, Table 2.2 and GAO 2005). Some defense-related facilities, 
such as some ammunition and missile/rocket manufacturing facilities, also have known releases 
(Table 2.2). However. it is generally difficult to ascertain which military bases, depots, fonnerIy 
used defense sites, weapons manufacturing installations, and other defense-related facilities 
might have perchlorate releases associated with them because site specific documentation may 
not be available. It is also important to note that the storage, processing and/or use of 
perchlorate-containing weapons systems does not necessarily correlate to a probable release of 
perchlorate release to the environment. 

Expended mU111tlOns and simulators found in the impact areas can contribute to perchlorate 
contamination in two ways: (a) munitions containing perchlorate or rocket motors do not 
function as intended through low-order detonation or (b) function as intended by completely 
detonating but do not completely consume the propellant or main change and subsequent 
precipitation leaches perchlorate into the environment. These release mechanisms may 
contribute a relatively low but long-tenn mass loading of perchlorate to the environment. The 
current perchlorate groundwater contamination at the impact areas of the Ma.ssachusetts Military 
Reservation in Cape Cod, Massachusetts, reflects this condition. As more ranges are tested for 
perchlorate contamination, it seems likely that more contamination will be discovered over time. 
In addition to impact areas, burial areas, OB/OD areas, launching points for rockets and missiles, 
and missile test stands could also be areas of contamination potential (see Section 2.2.2.2 for 
discussion of burial areas and OB/OD areas). 
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* Table 2-2. E D f'" . k --- - -~ -.- ----1--- - -- -------- - - -- -----_~---- -- - ---- - ----- -------

Ie - -I P hi Perchloral, I erc orate 
. '" cleanu 

Installation 
Military S concentratIOn Initial" d p. 

, tate d d d' emonstratlOn service etecte or reporte . d 
( b) projects un er 
PP way? 

Edwards Air Force Air Force California 160.000 groundwater Yes 
Base (detected 1997) 
Holloman Air Force Air Force New Mexico 16.000 surface water 
Base (detected 1999) 
Aberdeen Proving Army Maryland 5 drinking water, 24 
Ground groundwater (reported 

1998) 
Redstone Arsenal Arn1Y Alabama 160,000 groundwater Yes 

(as of2003) 
White Sands Missile Anny New Mexico 21.000 groundwater 
Range (reported in 1998) 
Naval Air Weapons Navy California 560 groundwater 
Station, China Lake (detected in 200 I) 

Naval Surface Warfare Navy Maryland 1,000 surface water Yes 
Center, Indian Head (reported in 1998) 

* Nor a comprehensive /isl ofDoD/acililil's H'ilh perch/orale col1lalllil1(/lioll. 

2.2.3 Commercial Explosives 

2.2.3.1 Black Powder 

Black powder is made of a blended mix of saltpeter (potassium or sodium nitrate), charcoal, and 
sulfur in a 75:15:JOratio by weight. Nitrate from Chile was used as a source of sodium nitrate in 
black powder. Chilean nitrate ore, containing naturally occurring perchlorate, was first imported 
in the United States in 1857. The sodium nitrate content of the ore made it particularly suitable 
for use in manufacturing explosives, specifically black powder, and replaced the more expensive 
potassium nitrate. Black powder consumption for commercial blasting peaked in 1917 at nearly 
300 million pounds, but by 1970 had decreased to 83,000 pounds, used primarily for safety fuses 
and fireworks (Blaster's Handhook 1980). 

2.2.3.2 Black Powder Suhstitutes 

There arc several black powder substitutes on the market that contain perchlorate. The addition 
of perchlorate is intended to increase velocity and range. These substitutes arc mainly ascorbic 
acid (vitamin C). The use of substitute black powders is becoming increasingly popular. 
especially with hunters. It is believed that the substitute black powder operations in general arc 
small in tenns of overall production. but past practices may have resulted in perchlorate releases 
and contamination. . 
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2.2.3.3 Nitric Acid 

An explosives manufacturing site in Arizona uses Chilean nitrate to manufacture nitric acid as an 
intermediate for explosives manufacture. including the production of dynamite and other 
explosive compounds. This process resulted in an otherwise unexpected perchlorate groundwater 
plume (Arizona Department of Environmental Quality n.d.). Although most nitric acid today is 
made using other chemical processes, Chilean nitrate has been used in the past for its production. 
Consequently, historical locations of nitric acid manufacturing using Chilean nitrate arc potential 
areas of perchlorate contamination. 

2.2.3.4 Modern Commercial Explosives 

A number of modem commercial explosives products may contain sodium perchlorate, 
ammonium perchlorate, or potassium perchlorate as a chemical sensitizing agent. These products 
may include emulsions, 4 water gels, 5 delay clements in detonators, and some seismic explosives. 

Under some circumstances, an explosives manufacturer may usc a chemical sensitizer such as 
perchlorate to increase the shock initiation sensitivity of an emulsion or water gel product. This 
type of product sensitized using perchlorates is generally designed for specialized applications 
such as wet/hard/dense rock blasting, in applications to expand drilling patterns' or to address 
excessive rock burdens, in tight underground cuts and tight trenching situations. high
precompression conditions, and deep wet trenches and' boreholes. In these applications, including 
certain trenching and utility work. some mining blasting, and specific construction-related 
blasting activities, perchlorates may be used to preserve product sensitivity where nornlal 
sensitizing agents may be conditionally compromised. In these applications, perchlorates have 
been found particularly effective in maintaining the sensitivity of the explosive. 

The amount of perchlorate present in typical perchlorate-containing explosives is quite variable. 
Some illustrating examples of perchlorate-containing explosives by weight as derived from 
material safety data sheets (MSDSs) include some seismic products: 66%-72% sodium 
perchlorate; bulk and packaged water gel products: 0%-4% sodium perchlorate; packaged 
continuous water gel explosives: 0%-7% sodium perchlorate; emulsion explosives: 0%-30% 
perchlorate; electric detonators: 0%-0.5% potassium perchlorate; and nonelectric detonators: 
0%-0.89% potassium perchlorate. Some emulsion and water gel explosives may exceed even 
these concentration ranges. 

2.2.3.5 Perchlorate Contamination Associated with Explosives Mal1l~factllre, Storage, and Use 

Manufacture. At some explosives manufacturing locations, the past practice of using unlined 
ponds to collect production-derived wastewater may have resulted in releases of perchlorate to 
groundwater. Explosive solids containing perchlorate also may have accumulated in ponds as 
sludge. In other instances, wastewaters may have been discharged to surface waters. 

4 Thc Institutc ofMakcrs of Explosives (IME) defines an "cmulsion" 3S an cxplosive maten31 eont3ining substantial 
amounts of oxidizer dissolved in water droplets. surrounded by all immiscible fuel, or droplets of an immiscible fucl 
surrounded by water containing substantial amount of oxidizer (lME 2002). 
5 IME defines a "water gel" as an explosive material containing substantial pOI1ions of water, oxidizers and fucl, 
plus a cross-linking agent (lME 2002). 
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Explosives manufacturing has resulted in significant groundwater perchlorate contamination at 
some locations. In Kansas, for exampk a former manufacturer of slurry explosives has 
contaminated the groundwater as well as surface water ponds. Plants surrounding the ponds have 
tested positive for perchlorate, as have largemouth bass and channel catfish hom the ponds, and 
local cattle have significant perchlorate plasma as a result of drinking from the ponds (Kansas 
Department of Health and Environment n.d.). Plumes associated with these situations may 
contain perchlorate as well as explosives and nitrates, the presence of which make it more 
difficult to bioremediate the perchlorate due to selective chemical uptake preferences, depending 
upon the bioremediation technology (see Section 6.1). Therefore, these situations may pose 
remediation challenges. 

At other explosives manufacturing facilities, wastes contammg perchlorates may have been 
disposed of at OBIOD units with the potential for perchlorate residue generation and subsequent 
groundwater contamination. Past practices at manufacturing facilities may represent the largest 
environmental release potential in the commercial explosives industry. Certainly, older 
explosives manufacturing facilities that utilized Chilean nitrate as feedstock should be carefully 
examined due to the presence of perchlorate in historically higher concentrations as well as past 
management practice;>. 

Soil, surface water, and an associated groundwater plume have also been found at the site of a 
black powder substitute manufacturer in Kansas. At an adjacent property, sampling conducted by 
the Kansas Department of Health and Environment has detected perchlorate in agricultural 
products associated with use of this contaminated water in chicken meat, eggs, milk, beets, and 
cucumber pickles. 

Storage. Historical releases of perchlorate from storage areas used for perchlorate-containing 
raw materials may be a concern at some locations. Potential historical releases could be due to 
leakage of perchlorate from bags and containers, such as dust from sacks of perchlorate salts. 
Other concerns related to the storage of perchlorate include the disposal of bags and containers 
of perchlorate in landfills. However, contemporary raw material storage areas are designed and 
constructed to prevent or minimize any releases of product. Therefore, there is little 
contemporary risk of release from complete and packaged explosives unless carelessness results 
in packaging puncture with subsequent leakage. 

Explosives Use. Contamination at blasting sites may occur if detonation is incomplete; for 
example, some rock forn1ations may contain cracks and fissures angling off the main borehole 
into which explosives may migrate during the loading process (not all explosives are packaged). 
The explosives contained in such fissures may then fail to detonate in the blast. In addition, the 

. potential for residual contamination is increased in the event of a misfire, in which a loaded hole 
or group of holes in a blasting pattern fails to detonate. Undetonated explosive products 
remaining after a misfire or incomplete detonation will have more residence time to contact and 
contaminate groundwater. This scenario is of particular concern where the explosives contain 
highly soluble perchlorates. Blasting misfires do occur with some variable frequency. Significant 
effort is made to avoid misfires, primarily because they represent a serious safety hazard. Blast 
efficiency and cost considerations are secondary concerns. If possible, attempts are usually made 

15 



11.4040 

ITRC Perchlorate: Overvic\,' of Issues. St;llus. and Remedial Actiun:-- Scptl'lllhl'r 2()O:, 

to detonate the misfired hole or holes. 'In some cases. perchlorate contamination associated with 
blasting may be attributable to preblast loss of explosives due to poor hOllsekeeping practices 
and/or improper spill cleanup. 

Groundwater contamination associated with explosives use is suspected at a constnlction site in 
Westford, Massachusetts. In a water sample from a pond near the site, Massachusetts 
Department of Environmental Protection (MADEP) officials detected a perchlorate 
concentration of 819 ppb and detected a perchlorate concentration of 12 ppb in an on-site 
retention pond. One town water supply well with a detection of 3.3 ppb has been shut down, 
while a privately owned water well several hundred feet from the site also has a perchlorate 
concentration of 425 ppb. MADEP officials believe the perchlorate contamination is related to 
explosives used in rock blasting. An examination of the MSDSs by MADEP officials for the 
emulsion and water gel type explosives used by the sole contractor at these sites showed thc 
explosives contained 200/0--30% by weight of perchlorate. According to MADEP, the cause 
(blasting explosives) and effect (water contamination) relationship at this time appears clear 
(MADEP 2005a). Mandated testing of the public water supplies by MADEP led to this discovery 
and others related to perchlorate impacts. 

2.2.4 Fireworks 

In general. fireworks manufacturers encase their chemical compounds in cardboard cylinders or 
spheres called "shells." The lofting charge or propellant usually consists of black powder, which 
may also be a component of the explosive charge. When fireworks have a loud, concussive bang 
and a flash of white light, they are termed a "photoflash" or a "flash and sound" effect. This 
effect is produced using a mixture of potassium perchlorate and fine aluminum or magnesium 
powder. Common applications include special effects for rock concerts, firecrackers, 
illumination for night photography, and of course fireworks. 

Perchlorate or chlorate oxidizers are also typically used because they decompose at high 
temperatures and release free chlorine. The chlorine is then available to combine with barium, 
strontium, or copper incorporated as compounds that produce the characteristic green, red, and 
blue hues respectively (Conkling 1990). In some fireworks shells, an oversupply of potassium 
perchlorate beyond the stoichiometric need is used to suppress the effects ot certain chemical 
elements during reactions. 

2.2.4. J Perchlorate Contamination Associated .vith Firelt'orks Manufacture and Use 

Manufacture. Whether fireworks-making facilities have had perchlorate releases during 
manufacture or storage of perchlorate in the United States is unknown and deserves some 
scrutiny due to the stability of perchlorate in water. It is likely that some of the older sites 
probably used perchlorate containing Chilean nitrate. Currently, according to the American 
Pyrotechnics Association, close to 100% of fireworks are imported, and in 2003 approximately 
221 million pounds of fireworks were sold in the United States. However, some current domestic 
fireworks production still exists, with several facilities having accidentally exploded over the 
past 30 years. 
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Fireworks display designers have been building custom made shells in the United States for their 
shows since before the tum orthe last century. Some of these may constitute potential sources. at 
least for those that were using perchloratc in thcir formulations and some older production that 
was based on Chilean nitrate. 

Fireworks Use. In Massachusetts MADEP is investigating perchlorate contamination that 
appears to be from the residue of fireworks displays conducted over time. Fireworks-based 
perchlorate residue is suspected to have contributed to perchlorate groundwater contamination 
located in the Northwest Comer at Massachusetts Military Reservation (MMR). This area has 
perchlorate groundwater plumes that emanate from both off and on base with perchlorate 
concentrations as high as 19 ppb along with associated explosives such as RDX at up to 7 ppb. 
The groundwater contamination appears to be the result of annual fireworks displays that 
occurred 1996-2003, as well as military pyrotechnics such as smoke pots, smoke grenades, and 
various perchlorate-containing simulators. Further, perchlorate contamination potentially related 
to the use of fireworks has been found following water supply well sampling and testing in 
several other locations around the state (MADEP 2005a). 

MADEP is conducting a fireworks residue field test at the University of Massachusetts 
Dartmouth Campus. Predisplay analytical results show perchlorate concentrations in various 
types of fireworks from non detect to 36 ppb. The site has hosted displays for about] 0 years. The 
amount of perchlorate available for groundwater contamination from fireworks depends upon 
how many displays, the types of fireworks involved, amount of misfiring, and the length of time 
over which displays were conducted in a specified area. Misfires may contribute significant 
perchlorate to the environmental loading as well, and their frequency, although relatively low, 
does vary. Disposal of these misfires may also be of concern (MADEP 2005a). 

2.2.5 Safety or Hazard Flares 

Perchlorate is one of the primary components found in emergency and signal flares. Flare use is 
believed to be widespread across the United States. In Santa Clara County, California, more than 
40 metric tons of flares was used/burned in 2002 alone (Silva 2003). Flares containing 
perchlorate have also been used in aircraft seeding operations in some locations. 

In safety or hazard flares, strontium nitrate is combined in a mixture with an oxidizer and a 
chlorine source (potassium perchlorate). along with various fuels. The available chlorine from 
the perchlorate and the strontium combine to color the emitted light bright red (Conkling 1990). 
Tests indicate that the residue from fully burned flares may still contain a significant leachable 
amount of perchlorate, up to almost 2000 ~lg of perchlorate per flare. and that partially burned 
flares leach even greater concentrations of perchlorate when placed in contact with water (Silva 
2003). 

The manufacturing sites of flares are known to have precipitated perchlorate releases into 
groundwater in California, and releases are also possible in other locations where similar 
facilities are or were situated. 
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2.2.6 Matches 

Potassium perchlorate is Llsed in the production of common stick matches, which usc a blend of 
potassium chlorate and sulfur to act as a fuel and binder (Conkling 1990). If an environmental 
concern exists associated with matches, it is likely to be at the production facilities. As of 1997, 
only four American companies produced matches: Lion Corp., Superior Match Co., Atlantis 
Match Co., and D. D. Bean & Sons Co. (Retskin 1997). 

2.2.7 Industrial Uses 

Industrial uses of perchlorate vary widely in scope, as perchlorate is incorporated into or used to 
make many C0111mon products (Appendix E). Laboratories also make use of the strong oxidizing 
and other properties particular to perchlorate. Perchloric acid, for example, is used in some 
industrial processes, such as in processing rare-earth element ores. In Tewksbury. Massachusetts, 
discharges of perchlorate to a river were found to be associated with a medical device 
manufacturer's use of perchloric acid). It is expeeted that the number of industrial uses will 
continue to expand as our understanding and awareness of its usage matures. Also, some 
previous list of perchlorate lIses contained erroneous information. Efforts were made in this 
document to correct these errors, but work to verify all of the reported uses through reliable 
documentation is still under way. 

The applications of the various perchlorate compounds are so varied that it is difficult to 
characterize the practices or mechanisms that may lead to releases to the environment. This 
problem is further complicated by the fact that perchlorate compounds may be used in solid or 
liquid form. The practices at each facility producing, handling, or using perchlorate will have to be 
examined individually to determine what possibilities exist for releases to the environment to 
occur. 

2.2.8 Laboratories 

Some laboratories in industry, academia, DoD, Department of Energy (DOE), or other settings 
are using or may have used perchlorate compounds or perchloric acid in research or analytical 
work. Several examples follow where perchlorate compounds or perchloric acid have been 
released, or are suspected to have been released, from a laboratory setting. At Los Alamos 
National Laboratory (LANL), perchlorate found in groundwater has been associated with past 
actinide research and high-explosives synthesis and testing (Hjeresen et al. 2003). There has also 
been at least one case of a university chemistry building being temporarily closed due to an 
accumulation of perchlorate in the ventilation system. As a result, special fume hoods specific to 
perchloric acid use are now available. 

Some detergents may contain perchlorate. For example, detergent-based laboratory glassware 
cleaning agents such as Alconox, Alcotabs, Liquinox, and NeuTrad have been tested and shown 
to contain up to 2.5 mg/kg perchlorate. (Some types of laundry detergent could also potentially 
contain perchlorate.) 
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2.2.9 Agricultural Uscs 

Some naturally occurring perchlorate is present in products used to enhance agricultural output. 
e.g., fertilizers. Commonly. nitrates arc added to phosphates and potash to produce fertilizers. the 
ratios of which can be varied to provide for specific plant needs. Potash, a source of soluble 
potassium essential for plant growth, is mined to produce a fertilizer for agricultural use. USEPA 
tested various ferti Iizers used in the United States and deteml ined that these fertilizers do not 
generally contain perchlorate. This conclusion appears to contradict the USGS findings of 
perchlorate in some potash samples. Domestic production of potash occurs in Michigan. Utah, 
and New Mexico. Canada also produces potash, as do some foreign sources. Potash is also used 
as feedstock in the production of other chemicals (Milford 1999, USEPA 1999a). Other 
evaporate-derived minerals such as borate are components of certain fertilizers used for plants 
that need them as trace elements. e.g., alfalfa and clover (Lefond 1975). 

Bulldog Soda, marketed by Sociedad Quimica Y Minera De Chile S.A. (SQM) and derived from 
Chilean nitrate deposits (containing 0.03% perchlorate on average, as mined). is used as 
approximately 0.14% of the total fertilizer currently applied in the United States. On a historical 
basis prior to the 1960s, Chilean nitrate--derived fertilizer was the principal fertilizer used in the 
United States. The USEPA fertilizer study completed in 200 I found that fertilizer derived from 
Chilean nitrate contained accessory perchlorate in significant concentrations. Subsequently. 
SQM. the sole mining and processing company of caliche-type deposits, has changed the process 
for refining the ore. going from 0.5-2 mg/g to 0.1 mg/g, or 0.0 I % perchlorate. This fertilizer is 
still applied to a small percentage of cropland in the United States. SQM promotes the use of its 
products in agriculture for the cotton, tobacco, and citrus sectors. The historical application of 
higher concentration perchlorate-containing fertilizer may present a legacy of unknown 
contamination potential to groundwater, as may the lower concentration product applied 
currently (Urbansky et al. 2001, UC SAREP 2002). 

2.2.10 MedicaliPhamlaceutical 

Historically, potassium perchlorate has been used in medical practice for the treatment of thyroid 
disorders to suppress the overproduction of hormones due to an overactive thyroid gland (see 
Section 4.1 for more on the effect of perchlorate on thyroid homl0nes). Potassium perchlorate is 
employed in current medical procedures in three different ways. First, it is used in the treatment 
of induced hypothyroidism or thyrotoxicosis resulting from the primary treatment of 
tachyarrhythmia or ischemic heart disease by the iodine-containing drug amiodarone. Potassium 
perchlorate is also used to limit the uptake of sodium pertechnetate in thc thyroid when 
pertechnetate is administered in the course of brain and blood-pool imaging and placenta 
localization. Third, potassium perchlorate has been used as a diagnostic agent in the treatment of 
certain thyroid disorders. The potassium form of perchlorate appears to be used exclusively for 
medicinal purposes over other salts of perchlorate probably due to lessened physiological 
impacts of the potassium over other possible cations (California Department of Toxic Substances 
Control n.d.). 
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The likelihood of medical perchlorate source release to the environment appears to be slight 
given that amounts stored for medical purposes are small. storage occurs in containers and 
structures. and hospitals have waste disposal programs. 

2.2.11 Water and Wastewater Treatment 

Sodium hypochlorite (NaOCI) is one commonly used method to disinfect water supplies. It is 
also used to treat pool water, to disinfect groundwater production wells, to treat wastewater in 
publicly owned treatment works, and other instances where an effective disinfectant is required. 
Sodium hypochlorite in solution normally produces some perchlorate ions during the 
dissociation reactions. This effect is evidenced by the formation of highly unstable and shock
sensitive perchlorate crystals that can form around the rim and cap of long-stored sodium 
chlorite solutions in laboratories. Thus, the use of sodium hypochlorite has the potential in these 
applications to introduce detectable perchlorate into the environment. MADEP has measured 
perchlorate levels of 0.20-0.28 /lg/L in samples of Dnished drinking water from three drinking 
water plants where perchlorate levels in raw water coming into the plants were below the 
0.20 /lg/L detection limit. MADEP has attributed the perchlorate detections at all three plants to 
the sodium hypochlorite used for water disinfection (MADEP 2005b). 

Household bleach may also contain perchlorate. According to MADEP, some preliminary testing 
of household bleach from store shelves shows the presence of perchlorate up to 390 /lg/L 
(equivalent to ppb). Chemical age appears to be a factor for perchlorate concentration strength in 
bleach, as another sampled bottle of bleach on the shelf for two years tested for perchlorate at 
8000 ppb. Other applications for sodium hypochlorite include its use as a bleaching agent in 
laundry cleaning; for brightening, oxidizing, deodorizing, and sterilizing in general industry; for 
decolorizing in textile manufacturing; and for bleaching in the paper and pulp industry. It is also 
used for skinning of vegetables in the food processing industry. 

MADEP has also sampled and tested for perchlorate in the effluent from two separate septic 
tanks where the influent source water contained approximately 1000 and 500 /lg/L perchlorate. 
Both effluents were nondeteet for perchlorate using liquid chromatography 1m ass spectrometry/ 
mass spectrometry (LC/MS/MS) analytical technology (see also Section 3.2.2 for more 
infomlation on analytical methods). It is possible that perchlorate degraded in the anaerobic 
environment of the septic effluent, although this proposed relationship remains to be proven. 

2.2.12 Landfills 

Historically, landfills have received waste perchlorate and perchlorate-contaminated wastes and 
debris as a matter of course. Some of these landfills were or are located on site near a facility 
using perchlorate, while other landfills were or are located some distance off site from the 
facility. It is believed these perchlorate wastes were primarily in the solid form, although 
whether any perchlorate-containing liquids were also disposed is unknown. Users of perchlorate 
products who discarded the packaging are also a potential source of perchlorate to landfills due 
to the perchlorate residue adhering to that packaging. How many landfills may be impacted by 
perchlorate is unknown. 
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2.2.13 Sodium Chlorate Manufacture 

In the electrolytic cell process for manufacturing sodium chlorate, the perchlorate ion is 
produced as an unintended by-product. In 1999, total U.s. sodium chlorate production capacity 
was 946,000 short tons per year, produced at 10 manufacturing sites (Tables 2-3 and 2-4). 

Table 2-3. Sod' hi 
--- -- -:-:~-

d . . d I . 1999 in the United States 

Facility Location 
Capacity 

(short tons/year) 
CXY Chemicals, USA Hahnville, La. 134,000 
Eka Chemicals (Eka-Columbus) Columbus, Miss. 219,000 
Eka Chemi cals (Eka-Washington) Moses Lake, Wash. 63,000 
Elf Atochem North America, Inc. Portland. Oreg. 58,000 
Georgia Gulf Corp. Plaquemine, La. 27,000 
Huron Tech-442 Corp. (Huron Tech 442) Perdue Hill, Ala. 40,000 
Huron Tech (Huron Tech-Augusta) AlH!.llsta, Ga. 145,000 
Kerr-McGee Chemical LLC Hamilton. Miss. 143,000 
Sterling Pulp Chemicals Valdosta. Ga. 110,000 
Western Electrochemical Cedar City, Utah 7,000 

Total 946,000 
Source: USEPA 2000b. 

Table 2-4. Former sodium chlorate production facilities in the United States and changes as 
of 1999 

Facility Location 
Capacity 

Comments 
(short tons/year) 

Elf Atochcm Tacoma, Wash. 25,000 Closed 9/97 
Georgia-Pacific Brunswick, Ga. 27,000 Closed 4/97 
Huron Tech Corp. Eastover, S.c. 90,000 Came on line 3/99 
Huron Tech 442 Corp. Perdue Hill, Ala. 40,000 Scheduled closure mid-2000 
Source: USEP A 2000b. 

Sodium chlorate is used in agriculture as a nonselective herbicide, mainly on noncropland for 
spot treatment of weeds and as a defoliant and for desiccant purposes for crops (PMEP 1995, 
Pesticide Action Network North America n.d.). Nonagricultural uses of sodium chlorate include 
household and industrial bleaching, pulp and paper bleaching, and food processing. Sodium 
chlorate is also used in numerous applications as well as a feedstock to make other chemical 
products (PMEP I 995). 

It is possible that some current and forn1er sodium chlorate production facilities could also be 
potential perchlorate sources. as could locations where sodium chlorate is being used for 
intended purposes. 
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2.2.14 Uncertain Sources 

The problem when investigating an emerging environmental contaminant is that new information 
continues to come to light regarding past management practices, current lIses. locations of usc. or 
newly suspected but uncertain sources. In the case of the latter, there is a small but apparently 
growing list of suspected perchlorate sources. Confirmation and verification testing has not 
necessarily been donc in all cases, and research in these areas is ongoing. A short list of these 
sources would include cloud-seeding operations. clandestine methamphetamine laboratory 
wastes, and certain anticonosion cathodic protections systems. 

Cloud-seeding operations have used potassium perchlorate as a component of some flare designs 
to produce nuclei for water-drop formation leading to precipitation. Whether this formulation is 
still in use is unknown. 

There is also the possibility that in some clandestine methamphetamine laboratories the process 
of obtaining red phosphorus from matches and also road flares containing perchlorate may 
produce a waste stream containing concentrated perchlorates as a by-product. 

A Texas Tech University study showed perchlorate being produced at measured rates of 71-
77 /lglL by a cathodic protection system in a steel chlorinated water supply storage tank in 
Levelland, Texas (Jackson et aJ. 2003, 2004). The Texas Tech University Water Rcsources 
Center is also investigating the potential for the generation of perchlorate by pipelines, buried 
tanks, and water and oil wells protected by anticonosion cathodic protection systems in the 
presence of natural chlorides in soil and groundwater (Jackson et al. 2003, 2004). 

2.3 Environmental Fate and Transport 

As previously discussed, perchlorate may be released into the environment in the form of a 
number of different salts, including ammonium perchlorate, potassium perchlorate, sodium 
pt?rchlorate, and others. All are highly soluble in water, though the solubility of the various salts 
varies (Table 1-1). Perchlorate may also be released into the environment in the form of a liquid, 
such as in solution with water as a concentrated brine or as perehloric acid. This liquid form of 
perchlorate increases the potential as well as the speed of a spill reaching groundwater or surface 
water. 

Very little is known about the distribution of perchlorate in soil. What is known is that the 
perchlorate does not bind to soil particles appreciably and that the movement of perchlorate in 
soil is largely a function of the amount of water present. Perchlorate salts that are released to the 
soil in solid foml will readily dissolve in whatever moisture is available. If sufficient infiltration 
occurs, the perchlorate will be completely leached from the soil. Soil moisture containing 
perchlorate in solution can be taken up by plants through the roots, and several ecological studies 
have demonstrated the tendency of some plants to concentrate the perchlorate in plant tissues 
(Urbansky et al. 2000; Ellington et aL 200 I). Some perchlorate may be held in solution in the 
vadose zone by capillary forces. In arid regions, crystallized perchlorate salts may accumulate at 
various horizons in the soil due to evaporation of infiltrating rainfall that leached perchlorate 
from shallower depths. 
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In dilute concentrations typically found in groundwater, perchlorate behaves conservatively, 
with the center of mass of the plume moving at the same average velocity as the water. 
Dispersion will cause the contaminant front actually to move faster than the average 
groundwater velocity. Perchlorate is kinetically very stable undcr environmental conditions and 
will not react or degrade in solution under ambient conditions. Biodegradation of perchlorate in 
groundwater will not occur unless significant levels of organic carbon are present, oxygen and 
nitrate are depleted, and perchlorate-degrading anaerobic bacteria are present. The combination 
of high solubility, low sorption, and lack of degradation tends to create plumes that are large and 
persistent. 

If perchlorate is released as a high-concentration brine solution, the movement of the brine in a 
groundwater system may be controlled by density effects (Flowers and Hunt 2000). The density 
contrast between the brine and groundwater may cause the brine to move vertically with minimal 
influence by groundwater movement and little or no dilution. Brine pools may forn1 on top of 
confining layers, and significant perchlorate mass may move into low-permeability confining 
layers by diffusion. The brine pools and perchlorate mass absorbed by the confining layers may 
serve as a long-tern1 source of dissolved contaminant as perchlorate is released to the 
groundwater by diffusion. This type of release may occur where perchlorates have been 
manufactured, at rocket motor washout facilities, or other locations where perchlorate has been 
slurried or handled in concentrated brines. 

2.4 Environmental Management 

2.4.1 Past Practices 

In general, some past management practices were inadcquate to contain or prevent the release of 
perchlorate to soils and surface/groundwater because perchlorate was not recognized or regarded 
as a contaminant of concern. Efforts to contain perchlorate releases were primarily directed at 
product retention or recovery to maximize production output. Even though the historical 
practices should no longer occur or are being corrected when recognized, they have left a legacy 
of known and unknown sites. 

2.4.2 Current Practices 

Due to the properties of perchlorate, namely high solubility, little attenuation, stability, 
persistence, and the fact that a relatively small amount of perchlorate can contaminate a large 
amount of water, the management of perchlorate requires that users exercise the utmost in 
prevention techniques to prevent release to the environment. Also, since perchlorate compounds 
and the perchlorate ions in water are not volatile, there is no risk of perchlorate air emissions. 

It is apparent that for some applications, there may be no adequate or cost-effective substitute for 
perchlorate, at least for some time. B~m1ing the use of perchlorate is not necessarily a solution, 
but effective management practices certainly can be. Therefore, best management practices 
(BMPs) should be developed and rigorously followed where perchlorate is used. Some of these. 
BMPs are general and apply to the use of any chemical, and others are industry and use specific. 
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Examples of these would include spill contingency plans. secondary containment waterproof 
storage. and treatment of waste streams. where necessary. Some facilities also practice zero 
discharge. These efforts are doubly important when liquid fom1s of perchlorate such as 
concentrated solutions and perchloric acid arc stored, used, and transported. Generally. these 
general techniques are familiar to practitioners in industry and DoD and have been known to 
environmental professionals for a considerable time, especially those with experience with the 
requirements of the Resource Conservation and Recovery Act (RCRA) and other environmental 
laws. It should be kept in mind that even though perchlorate is not currently regulated, it is likely 
to be in the future. 

2.5 Site Characterization Approaches 

Sampling for possible perchlorate contamination on a site requires some knowledge of the 
perchlorate usage at the site. This knowledge can be acquired through a historical review and 
interviews with on-site or former personnel. Knowing the quantity of perchlorate released at any 
one time, the number of occurrences, and the time period over which the rcJeases occurred can 
provide some guidance for testing. In addition, knowledge of the environment and geology can 
help guide sampling approaches. For example, in dry or desert environments with a deep 
groundwater table, there can be a precipitation front of perchlorate below the surface but above 
the groundwater as a caliche layer. If the area has significant precipitation, diffuse source(s), or 
dispersed source(s), then groundwater and/or adjacent surface water should be tested, as the soil 
is likely flushed. 

Perched aquifers, windows in confining layers, seasonal water-level changes, and potential 
density currents point to the importance of understanding the groundwater flow regime. Existing 
groundwater monitoring weBs can be taken advantage of, and temporary push-point wells permit 
investigators to scope the nature and extent of a source rapidly. Since perchlorate acts like nitrate 
when dissolved in water, perchlorate contamination tends to move with groundwater flow unless 
stagnant conditions exist. Depending on specific uses, perchlorate may be associated with other 
contaminants, such as nitrates, explosives, solvents, or metals, and more associations may 
become apparent over time. The association is site specific but may provide important clues. 

Releases of perchlorate, either continuous or intem1ittent, should lead to soil testing as well as 
testing of groundwater/surface water at any point sources, especially in dry or desert 
environments. Because deeper soil samples may indicate the presence of perchlorate even if 
surface soil samples do not, both surface and at depth samples should be taken if soil testing is 
indicated. 

3. SAMPLING AND ANALYSIS 

In the spring of 1997, an analytical method for perchlorate detection with a reporting limit of 
4 ppb was developed. Since then, additional sampling and analysis techniques have been 
developed that can detect perchlorate at concentrations of I ppb and lower. It is important to note 
that perchlorate sampling and analytical techniques require special considerations due to 
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potential interferences. laboratory contamination. and potential false positives. This section will 
address sampling protocols, analytical methodologies. and forensics techniques for perchlorate. 

3.1 Sampling Protocols 

A brief discussion of sampling requirements specific to perchlorate for water and for soil is 
provided below. General information regarding surface water, sediment soil, and groundwater 
sampling can be found in many documents including, but not limited to. the following: 

• Contract Laboratory Program Guidance for Field Samplers, EPA/S40/R-00-003 (USEPA 
2004b) 

• Requirements for the Preparation of Sampling and Analysis Plans, EM 200-1-3 (USACE 
2001 b) 

• Model Field Sampling Plan, Verso 1.1 (AFCEE 1997) 
• Interim Guidance on Sampling and Testing of Perchlorate at DOD Instal/ations (U .S. Navy 

2004) 
• u.s. Geological Survey Techniques o(Water-Resources Investigations (USGS variously dated) 

The primary concern regarding perchlorate detection is the potential for false positives and false 
negatives. The secondary concern regarding perchlorate detections is the potential for bias in the 
analytical results due to field or laboratory activities. To address these concerns in the field, one 
or more equipment rinseate blanks should be collected during each sampling event when 
sampling equipment is reused, because analysis of solutions containing some of the commercial 
detergents commonly used during field decontamination (such as Alconox, AJcotabs, Liqui-Nox 
and Neutrad) have been shown to have detectable levels of perchlorate. To address these 
concerns in the laboratory, method blanks should be routinely analyzed and evaluated by the 
laboratory. Also, if reusable equipment is used for sampling, decontamination must be 
documented as effective through the use of quality eontrol (QC) samples to ensure contributions 
from laboratory and field equipment are not causing high bias in analytical results. 

3.1.1 Water 

For groundwater and surface water, sampling for perchlorate can be performed with typical 
techniques discussed in the referenced sources. The holding time for perchlorate in water is 
currently established at 28 days, when the sample is held at 4" ± 2°C. Although Method 314.0 
(USEP A 1 999b) does not require chemical preservation, there is anecdotal evidence of microbial 
degradation (see Section 3.2.1 for more information on Method 314.0). According to USEP A, 
two new sampling requirements will be added to updated or new perchlorate methods (USEPA 
2005a, b, c). The first requirement is preservation in the form of field ultrafiltration through a 
sterile 0.2-micron filter into a presterilized nalgene bottle. The second requirement is that the 
sample be collected with significant headspace. 

3.2.1 Soil 

For soil and sediment, sampling for perchlorate can be performed with typical techniques 
discussed in the referenced sources. One anticipated issue specific to perchlorate is samplc 
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representativeness due to anticipated heterogeneity (Gerlach and Nocerino 2003), Very little is 
knO\vl1 about distribution of perchlorate in soil. 

Perchlorate salts arc solids at ambient temperature, The distribution almost certainly depends on 
the fonn of the source (i.e .. contaminated groundwater or othcr dissolved source vs. distribution 
in solid phase). If the perchlorate is distributed in a dissolved source, it should be expected to be 
very mobile in the soil. If the perchlorate is distributed in the solid phase (such as via a 
detonation), it could be expected to bc distributed due to the physical transport of the detonation 
and it should be expected to initially be distributed similarly to secondary explosives. 

Cold Regions Research Engineering Laboratory (CRREL) has conducted numerous studies led 
by Dr. Thomas lcnkins regarding the distribution of secondary explosives on active ranges. 
Secondary explosives arc often dispersed as variously sized and shaped particles that slowly 
dissolve in precipitation because they arc sparingly soluble and arc wetted on only a periodic 
basis. They also possess low vapor pressures and hence do not volatilize to any extent Their 
distribution is typically very heterogeneous, and they are transported through soil only after they 
arc dissolved in water. The primary difference between secondary explosives and perchlorate is 
the solubility. Given perchlorate's greater solubility, it should be expected to migrate through the 
soil more readily even if it is initially distributed in particles. Until more data have been 
gathered, it would be pm dent to conduct perchlorate sampling in soil based on the type of 
anticipated source. If the anticipated source is a detonation, composite sampling is recommended 
(Walsh et al. 1993; Crockett et a1. 1996; Jenkins et al. 1996, 1997a, 1997b, 1997c, 2004; 
Thiboutot et al. 1997; Thiboutot, Ampleman, and Hewitt 2002.) 

Cone ems regarding sample heterogeneity do not end when the samples are collected. It is critical 
that laboratory subsampling also be conducted appropriately, regardless of what analytical 
methodology is used, particularly if a particulate source is anticipated. For additional information 
on laboratory subsampling, see Guidance for Obtaining Representative Laboratory Analytical 
Subsamples fiwn Particulate Lahoratmy Samples (Gerlach and Nocerino 2003). The holding 
time for perchlorate in soil has not been established. In lieu of an established holding time for 
soil, the water holding time (28 days) has been used on an advisory basis when the sample is 
held at 4" ± 2°C 

3.2 Analytical Methodologies 

Analytical methodologies for perchlorate are discussed briefly below. Tables 3-1 and 3-2 (in 
Section 3.2.2) provide a comparison of the primary analytical methodologies in usc. Kcy factors 
for choice of analytical methodology include the following: 

• regulatory acceptance of method, 
• statelUSEPA certification of laboratory (if required by the state or the program), 

• sensitivity, and 
• selectivity. 
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Method 
(technique) 

Table 3-1. Perchlorate analvticallaboratorv methods companson 

Applicabilit~ Analytical limitations 

Aqueous 
reporting 

limits 

1-------+---- I (pg/L) 
EPA 314.0 
(ion chroma
tography 
[lCn 

EPA314.1 
(lC) 

EPA 9058 
(lC) 

EPA 6850 
(LClMS) 

EPA 331.0 
(LCiMS or 
LC/MS/MS) 

EPA 332.0 
(IC1MSor 
ICIMS/M$) 

FDA 
Method 
(ICIMS/MS) 

• Mandatory for drinking water 
samples reported under UCMR I 

• Aqueous samples with low dissolved 
solids (conductivity < I mS/cm total 
dissolved solids [TDSJ) and chloride, 
sulfate. and carbonate concentrations 
< 100 mg/L each 

• Conductivity of samples must be 
below the laboratory's established 
matrix conductivity threshold 

• Method has been used on aqueous 
samples. including those with high 
TDS 

• Published EPA method (EPA 2005a) 
• Planned option for UCMR 2 

• Aqueous samples wI < I mS/cm TDS 
• Soil samples 
• EPA method published (EPA 2000a) 

• Aqueous samples to include those 
with high TDS 

• Soi I samp I es 
• Biota samples 
• Detenl1inative method for 

perchlorate 
• Published EPA method undergoing 

validation studies 

• Method limited to aqueous samples 
to include those with high IDS 

• Planned option for UCMR II 
• Detenllinative method for 

perchlorate 
• Published EPA method available 

(EP A 2005b) 

• Planned option for UCMR 2 

• Method has been used on aqueous 
samples, including those with high 
TDS, and on milk and biota samples 

• Detenninative method for 
perchlorate 

• Published EPA method (EPA 2005c) 
• Planned option for UCMR 2 
• Fruits and vegetables. bottled water, 

and milk 

• Analysis is subject to titlse positives due the 
unspecific nature of the conductivity detector 

• Method has been validated in drinking \vater 
only; no guidance provided for use \-vith 
soils, biota, etc. 

• The lower reporting limit of 0.5 ppb is 
achievable only in samples with very low 
TDS 

• Inappropriate for use in samples with high 
TDS 

• Analysis may be subject to occasional false 
positives due to the unspecific nature of the 
conductivity detector 

• Uses second dissimilar chromatographic 
column to aid in qualitative identification 

• Requires the use of anion reduction 
cartridges ifused to analyze samples with 
high TDS 

• Analysis may be subject to false positives 
due to lack of confirmation requirements or 
confonnational chromatographic column 

• EPA method currently under revision 

• None reported 

• Pretreatment recommended in Winkler, 
Minteer, and Willey (2004) method 

• May be subject to false positives unless ion 
ratio monitored 

• Under MSIMS, method is highly selective, 
but may be subject to false negatives unless 
adequate separation from common anions is 
achieved 

• May be subject to false positives unless ion 
ratio monitored 

• Under MSIMS, method is highly selective 
but may be subject to false negatives unless 
adequate separation from common anions is 
achieved 

• None noted in literature 
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To detect perchlorate in the environment analytical chemists use several techniques. As of the 
v.riting of this document the only method that has been approved fOf compliance monitoring 
(UCMR I) is USEPA Method 314.0. Method 314.0 is a presumptive method. and when 
perchlorate is detected for the first time in an environmental medium and this method is used, the 
presence of perchlorate should be confinned using a determinative method. To confirm the 
presence of perchlorate in an environmental sample. it is preferable to usc the analytical 
technique MS. which confirms the chemical composition of unknown ions by their molecular 
weight (mass-lo-charge ratio). 

As noted previously. some supplies of the laboratory detergents contain detectable levels of 
perchlorate. Considering the potential bias from these detergents, laboratories using these 
products either directly or indirectly during perchlorate analysis should consider analyzing a 
diluted sample of the detergent to eliminate the potential for this bias. Use of disposable 
equipment for any sample manipulation is recommended to limit the potential for eross
contamination. 

3.2. J Laboratorv Methods 

Published USEPA methods include Method 314.0 (promulgated) and Method 9058 (draft, 
Method 846, Revision IYB), Method 331.0, and Method 332.0. Methods 331.0 (LCIMS and 
LC/MS/MS) and 332.0 (lCiMS and IC/MS/MS) have extensive discussion of interferents. 
USEPA's Office of Solid Waste is currently perfom1ing method validation studies on a 
determinative method-Method 6850. 

QC requirements arc similar for most of the detenninative laboratory methods. Some of the QC 
evaluations that arc unique to emerging laboratory methods include the analysis of a suppression 
standard (500 mg/L bicarbonate, carbonate, chloride, and sulfate) spiked at the reporting limit, 
comparison of the isotopic ratio for chlorine in the perchlorate to natural isotopic abundance 
ratio. and the use of an 1804-labeled perchlorate internal standard. Analysis using the 
detern1inative methods is more sophisticated than for the ion chromatography (IC) methods, 
requiring more education/training for both the analysts and the data reviewer. However, 
ICIMS/MS. LClMS, and LC/MS/MS are more expensive than IC methods alone. 

A description of the published and emerging methods. and their limitations, are discussed in the 
following subsections. 

3.2.1.1 Method 314.0-Jol1 Chromatography 

Method 314.0. the only method for perchlorate promulgated by the USEPA to date, was 
developed for drinking water. Aqueous samples are introduced into an ion chromatograph. The 
perchlorate ion is separated from other ions in the sample based on its affinity for the material in 
the chromatographic column and is detected using a conductivity detector. The conductivity 
detector cannot specify the ion producing the analytical response; ions are differentiated based 
solely on retention times. 
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Sample matrices with high lDS and high concentrations of common anions such as chloride, 
sulfate, and carbonate can destabilize the baseline in the retention time window for perchlorate 
and also add or suppress the response of the detector to perchlorate. These can be indirectly 
assessed by monitoring the conductivity of the matrix. Therefore, the laboratory must detennine 
its instrument-specific matrix conductivity threshold (MCT), and all sample matrices must be 
monitored for conductivity prior to analysis. When the MCT is exceeded., sample dilution and/or 
pretreatment must be performed. However, sample dilution leads to elevated reporting limits and 
pretreatment to rcmove potential interfering ions has the potential to reduce the actual 
perchlorate content of the sample at low concentrations. 

There is evidence of cases where Method 314.0 has resulted in the reporting of false positives, 
falsely elevated results, and false negatives. Additionally, the method has been used as the basis 
for laboratories reporting to sub-ppb levels despite the method's documented capability of 
4.0 Jlg/L MADEP set a "demonstration of capability" involving very rigid QC requirements and 
proficiency evaluation samples rounds to allow laboratories to report sub-ppb levels (see 
www.mass.gov/dep/brp/dws/files/perchloLdoe). 

3.2.1.2 Method 314. i-inlinc Column COl1centration/Matrix Elimination Ion Chromatogrophy 
with Suppressed Conductivity Detection 

Several options have been explored to improve Method 314.0, including sample enrichment! 
isolation techniques intended to improve sensitivity, such as increased sample size and 
preconcentration/preclution, and resolution and analysis improvement strategies, such as heart 
cutting/column switching, noise suppression, and the usc of dual channels. Samples arc collected 
using a sterile filtration technique and stored with headspaee to reduce the potential for 
degradation by any rema1l1111g anaerobic organisms. Laboratories employing these 
improvements/ alterations report their results as Method 314.0 analyses as the changes are not 
considered to be outside the method. 

This method is intended to add increased sensitivity., better tolerance of TDS., and better 
selectivity through usc of a continnation column and in-line concentration. Method 314.1 was 
published in 2005 (USEPA 2005a). 

3.2.1.3 Method 9058-10/1 Chromatography with Chemical Suppression Conductivity Detection 

Method 9058 is the USEPA's Office of Solid Waste (OSW) method for Ie. The method is 
substantially the same as Method 314.0, although the MCT requirement is not included. The 
method is stated to perform adequately on water samples with conductivities up to 1000 ~lS/cm 
and is potentially applicable to surface water, mixed domestic water, and industrial wastewaters. 
The limitations described above for Method 314.0 apply similarly to Method 9058. 

OSW is in the process of revising the November 2000 version of Method 9058 given the known 
interferences and the high probability of false positive and false negative results. The areas being 
considered for the optimization of the method arc to include an extraction procedure for solids, 
to broaden the scope so that the method is applicable for aqueous samples having high TDS, to 
lower the level of detection for perchlorate at sub-ppb level, to have better separation., and to 
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mll111111ZC false positive and negative results. After the revised method is drafted. an inter
laboratory validation study will be conducted. 

3.2.14 A11!!liod 6?-!5()--Liqllid Chromarogruphr/Muss Spectrometl)' 

Thc LCiMS method uses a liquid chromatograph with a peptide-impregnated reverse-phase 
eolumn to perform the separation followed by an MS for detection. Minimal sample pretreatment 
is required. Perchlorate parent ions (mass-to-charge [m/z] 99 and 101) are used for peak 
identification. This method has been evaluated with drinking water, soil, biota, synthetic 
groundwater (7700 IlS/cm\ and Great Salt Lake water (lOx dilution. 21 ,000 ~lS) (Di Rienzo et 
aL 2004). The advantages of LC/MS arc the increased sensitivity, increased specificity, the lack 
of sample pretreatment. and the lack of additional instrumentation. An interlaboratory validation 
study of Method 6850 is taking place in 2005. The reporting limit in water is reported to be 
O. I Ilg/L. This method will address environmental matrices other than drinking water. 

3.2.1.5 Method 33IJ)- Liquid Chromatography Elcctospray ionization Mass Spectromet'T 

This method, published in 2005 (USEPA 200Sb) is a liquid chromatography/electrospray 
ionization/mass spectrometry (LC/ESIIMS) method for the determination of perchlorate in raw 
and finished drinking waters. This method can be used to acquire data using either selected ion 
monitoring or multiple reaction monitoring detection. 

In this method, water samples are collected in the field using a sterile filtration technique. Prior 
to analysis. isotopically enriched perchlorate is added to the sample as an internal standard. The 
sample is injected without cleanup or coneentration onto a chromatographic column, which 
separates perchlorate from other anions and background interferences. Perchlorate is 
subsequently detected by negative e1cctrospray ionization mass spectrometry. A remote
controlled valve is used to divert early-eluting cations and anions to waste. Prior to the elution of 
perchlorate, the valve is switched sending the chromatographic eluent to the mass spectrometer. 
This diversion helps prevent unnecessary fouling of the eleetrospray source. Perchlorate is 
quantified using the internal standard technique. The reporting limit in water is reported to be 
0.02Ilg/L. 

3.2.1.6 Method 332.0-/on Chromatography with Suppressed Conductivity and Electro5pray 
ionization Mass Spec/romet!)' 

This lCiMS method, also published in 2005 (USEPA 200Sc), is essentially the same as the IC 
method: however, an MS with an electrospray interface is added. This method requires the use of 
a suppressor to avoid inorganic salt buildup and uses a conductivity meter to check its efficiency. 
It uses mlz 99 and 101 ions for peak identification of perchlorate, and monitors the ion ratio of 
the naturally OCCUlTing abundance ofCI-3S and CI-37, which should be 3.08. 

The advantages of IC/MS are the increased sensitivity and increased specificity; however, high 
hydrogen sulfate (HS04 -) content will elevate the baseline at m/z 99 because it elutes prior to 
perchlorate. High concentrations (~1000 ppm) will tail into the perchlorate peak retention time. 
However, even with a sulfate concentration of 1000 ppm, O. I ppb perchlorate can still be 
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detected. If the baseline is elevated. there is a mandatory cleanup step to remove the sulfate prior 
to sample injection. Quantitation is done on the m/7 10 I. whieh is not affected by sulfate. The 
quantitation limit in water is repol1ed to be 0.1 ~lg/L. 

3.2.1. 7 FDA Metlwd-1CIMS'/MS 

IC/MS methodology can be enhanced by coupling the IC with a conductivity detector and a 
tandem MS. thereby increasing the sensitivity and specificity over that of ICIMS. The second 
MS allows further fragmentation of the perchlorate ions into the daughter ions (mlz) 83 and 85. 
eliminating false positives or negatives that can be caused by interferences. The quantitation 
limit in water is reported to be 0.0 I J..lg/L (Penfold 2004 and personal communication). 

The method has been used on water. soil. milk. lettuce. and other biota samples. 

3.2.1. 8 Availability olEmerging Methods 

At this time. more and more commercial laboratories arc adding these methods to their 
capabilities. With the publication of new methods in 2005. availability is expected to increase 
dramatically as regulatory agencies approve and require their use. 

3.2.1.9 Other Laboraton' Methodl 

Capillary electrophoresis (CE) has been used to analyze perchlorate for certain applications 
(primarily forensics). CE is not currently viable for analysis of perchlorate in environmental 
media at low concentrations. The best limit of detection available with most widely available 
equipment and reagents for CE is 1 00 ~lg/L (Urbansky 2000). 

3.2.2 Field Methods 

Two field methods have been employed to varying degrees of success for perchlorate (see Table 
3-2 for comparison). The use of ion-selective electrodes and colorimetry is described below. 

- -~-- - -~ - -- ----~- ---- ----- ---------- -~---r----~--
Ie 3 fi h 

Method 
Applicability Analytical limitations Reporting limits 

(technique) 
Jon- • Can potentially detect pcrchlorate in • Commercial availability oflow-ppb • Low ppb (as • 

selective the low-ppb range electrodes unknown tested); 
electrodc • Potential for in situ sampling for • Presence of ions can intcrfere with 200 JlglL 

groundwater monitoring \vells the perchlorate electrode ( commercially 

• Commercially available models availablel 
suitable for both ficld aJld laboratory • Detection limit 
applications may be too high 

to be useful 
Colorimctry • Used for surface water. well watn. • Humic and fulvic acids from soil • 1.0 Jlg/L 

biorcactor effluent, and soil cxtracts. surface or root zone may cause falsc 

• Mcthod published: US!\CE positivcs. rcquiring c1canup 
ERDCICRREL TR-04-8 (Thome • Prcsencc of chlorophyll or machine 
2004) oils causes false positives 
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3.2.2.1 1ol1-seiectil'c electrode 

A project sponsored by the USEPA and the US Army Corps of Engineers (USACE) in 2001 
created an ion-specific electrodc to sample for pcrchlorate in groundwater monitoring wells. The 
electrode can detect perchlorate in the low-ppb range. but it is not e\idcnt whether this particular 
electrode is commercially available. 

However, there are commercially available electrodes. such as the Perchlorate Ion-Selective 
Electrode by NIC02000 Ltd, which has a solid-state polyvinyl chloride polymer matrix 
membrane. The electrode is designed for the detection of perchlorate ions in aqueous solutions 
and is suitable for use in both field and laboratory applications. The detection limit for this 
electrode is 200 flg/L for perchlorate. The time for a stable reading after immersion is 2-3 
minutes. The following ions can interfere with the perchlorate electrode: thiocyanate, iodide, 
nitrate, chloride, phosphate, and acetate. Nitrate can be tolerated up to the same concentration as 
perchlorate, and chloride can be tolerated up to 100 times thc concentration of perchlorate 
without significant interference. . 

3.2.3.2 C%rimetl)' 

A reliable and inexpensive colorimetric method for perchlorate in water and soil extracts has 
been developed and tested with surface water, well water, bioreactor effluent, and soil extracts. 
The detection limit for water is I pg/L and 0.3 flg/g for spiked soils. This method uses a solid
phase extraction cartridge conditioned with a perchlorate-specific ion pair reagent. The 
perchlorate that has been isolated from water or a soil extract by the resin cartridge is eluted into 
a dye, fonning an ion pair that is extracted with xylene and measured with a field-portable 
spectrophotometer. Certain humic materials, colored biological materials (like chlorophyll), and 
machine oils cause false positives. Cleanup procedures can solvc most of these problems but not 
that caused by chlorophyll. In such a case filtering may solve the problem (Thome 2004). 

3.3 Analytical Strategies 

The strategy employed to choose analytical methodologies depends upon data quality objectives 
(DQOs), site infom1ation, and the agency conducting the investigation or oversight. 

3.3.1 Data Quality Objectives 

The uncertainty of results obtained using the IC method increases as the reporting level 
necessary to achieve project objectives approaches the lower perfom1ance limitations of the 
instrumentation. Therefore, depending upon the required reporting level, use of detem1inative 
methods exclusively could be appropriate. Until USEPA detenninative methods arc promulgated 
for perchlorate, some use of Method 314.0 will almost certainly be required by regulatory 
agencies, particularly for compliance mon itoring. 

3.3.2 Site Infonnation 

Site history and background information (e.g., production or use of explosives, possible releases 
of perchlorate) provides good infom1ation about the possible presence of perchlorate in 
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groundwater or soil. Ho\vc\"Cr. the analytical strategy selected for the analysis of perchlorate 
depends upon the decision to be made and the DQOs needed to make that decision. 

1 f the site has documented perchlorate releases. minimal usc of dctenninative methods would 
probably be appropriate. However. if only the use of perchlorate on the site is documented or a 
known release was very smalL the LIse of determinative methods wOLlld be advisable. 
Additionally, if the site has known interferences with Method 314.0. LIse of detenninative 
methods would be appropriate. If determinative analyses have already been conducted at a site 
and have confinned the quantitative valLIe of Method 314.0 analysis. additional usc of 
determinative analytical techniques may be unnecessary. 

Figure 3-1 illustrates one example of a drinking water sampling strategy implemented in 
California for low TDS. Please note that this is only one example strategy; strategies should be 
detennined based on different needs. 

Analyze by Matrix-Appropriate Method 

~ ~ 
Perchlorate IS detected 

Detect agree 
with historical 
hydrogeologic 

modeling 
data? 

NO 

YES ~I Done I. YES 

Perchlorate NOT detected 

Result NO without dilution? 
~"'~. 

", 

JNO 
Interference in YES »; Perform pretreatment and '« NO ; Is the raised reporting limiV 

chromatogram? ; reanalyze by 314,0, dilution acceptable? 

C~··-l~~ ...c P"'h'o"='s-lper::r~t:-~OT -----·---fv~~--
r"------, --~~~-.', / detected ",detected B i Consider confirmation by V t-'e~;, Done 

LC/MS/MS , - " 
--~--.-~-------,--~~-

NO-nondetect 
i IC-ion chromatography 
• LC--liquid chromatography 
Ms.-mass spectrometry 

Result NO without dilution? ~. Is the raised reporting limiV 
dilution acceptable? 

" 

...----J--....~. . ....... j:~ .. . 
Done ~ 

YES co, 

Analyze by LC/MS/MS 

Figure 3-1. Perchlorate decision tree. 
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3.3.3 A2:ency Conducting the Investigation 

FDA laboratories are anticipating usc of the FDA method (USFDA 2004b). DoD agencies arc 
required to follow the "Interim Guidance on Sampling and Tcsting for Perchlorate" (DoD 
EDQW 2(04), which requires thc confirmation of any detections abovc action levels with 
detenninative methods. State agencies differ in their approaches. 

3.4 Forensics Techniques/Chemometrics 

Environmental forensics is the systematic investigation of a contaminated site or event focuscd 
on defensibly allocating liability for the contamination. Forensic investigative approaches 
available to identify the source(s) of perchlorate contamination in soil or groundwater include 
traditional source identification and concentration profiling, association with affiliated 
chemicals. and isotopic analysis. 

Most perchlorate salts have high water solubilities; concentrated solutions have densities greater 
than water. Once dissolved, perchlorate is extremely mobile and persistent, requiring decades to 
degrade. Perchlorate is not significantly retardcd by organic materials in groundwater; advection 
is the primary mechanism of dispersal. Therefore, it may be used as a tracer for hydrocarbon and 
metal contaminants that are significantly more retarded. Possible forensic techniques include 
chlorine isotopes for defining multiple or commingled perchlorate plumes (Motzer 200 I). 

As with other forensic investigations, the detection and use of associatcd chemicals is often of 
more forensic value in identifying and allocating sources than for the contaminant of concern. 
For identifying perchlorate associated with highway road flares, for example, identifying the 
distribution of strontium nitrate, which oftcn composes up to 70% of a road flare, may providc 
insight as to the source of the perchlorate (see Section 6.1 for more information on 
cocon tam in ants. ). 

Research is being conducted to develop methods for differentiating between naturally occurring 
and manmade perchlorate in the environment. One approach is to usc stable isotope ratio 
analysis of the perchlorate molecule. Stable isotope ratio analysis relics on the fact that the major 
elements composing the inorganic molecules occur as isotopes that can be quantified using 
isotope ratio mass-spectrometry. The ratio of the specific isotopes in the perchlorate molecule, 
chlorine and oxygen, can be used to track the source of the perchlorate in the environment (Bao 
and Gu 2004). Limited data collected to date reveal that the chlorine isotope ratio in a naturally 
occurring perchlorate source is considerably lower than that in manmade perchlorate. 
Conversely, the oxygen isotope ratio for the natural perchlorate is appreciably higher than in 
manmade sources. Researchers at Louisiana State University and Oak Ridge National 
Laboratory (ORNL) have been on the developmental forefront in this technique (Erickson 2004). 
Some locations may have a mixture of manmade and naturally occurring perchlorate. The 
western half of the United States would appear to represent the most likely area for mixed 
plumes to occur due to favorable geological and precipitation conditions. 
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The ability to use stable isotope ratio analysis depends highly upon the matrix and concentration 
of perchlorate present. Solid samples typically require multistep cleanup procedures 10 elimll1ate 
the presence of other nonperchlorate oxygen sources and the eoncentration of perchlorate in 
trace-level aqueous samples may be too low initially for isotopic analysis and require 
concentration on an ion exchange resin. The distinction that can be identified throug.h stablc 
isotope ratio analysis is between perchlorate that forms by natural environmental processes and 
perchlorate that is manufactured through an industrial electrolytic process. Anthropogenic 
perchlorate that was released to the environment through the use of products manufactured from 
material containing naturally occurring perchlorate (such as Chilean nitrate) will likely have the 
same stable isotope ratio as other natural environmental occurrences of perchlorate. The 
continued evolution of analytical forensic techniques may permit the fingerprinting of detected 
perchlorate plumes to ascertain whether the source is natural or manmadc and to what extent 
each source type is represented. 

4. TOXICITY, EXPOSURE, AND RISK 

Perchlorate has been detected in surface and groundwatcr, drinking water, food, and soil. 
Thereforc, it is important to evaluate the effects of perchlorate exposure in humans and in 
wildlife and to communicate that information to a broad audience. The types of information 
presented in this overview are used by federal and state regulatory agencies as the basis for the 
promulgated standards, guidelines, policies, and procedures that direct the assessment and 
remediation of perehlorate-contaminated sites. Because of the uncertainty involved in evaluating 
toxicological data, the states and the federal govemment evaluating this information may use and 
evaluate this infom1ation somewhat differently to promulgate different standards and advisory 
levels (see Section 5.3.2). It is also important to note that the status of our knowledge of 
perchlorate exposure and risks is evolving; it will be important to periodically reevaluate what is 
known about this chemical. 

Perchlorate is one of several compounds that can interfere with the thyroid's uptake of iodide, an 
essential component of thyroid hormones. Consequently, perchlorate exposure may result in a 
dose-dependent decrease in thyroid hom10ne production. Therefore, this chapter begins with an 
overview of thyroid hormone physiology; continues with a discussion of the potential effects 
(toxicity) of perchlorate, including a review of studies that examine the potential effeets of 
decreases in thyroid hormone production; examines perchlorate exposure pathways; reviews the 
current status of perchlorate risk assessment; and explores the remaining data gaps and 
uncertainties of these topics. 

4.1 J mportance of Thyroid Hormone 

The thyroid is a small gland located at the base of the throat. It synthesizes hormones that playa 
crucial role in the body's metabolism, reproduction, growth, and function of the cardiovascular 
and central nervous systems. The thyroid uses iodide (l ), converted from ingested iodine (h), to 
synthesi'ze the two key thyroid hormones, tetraiodothyronine (also known as thyroxine, T4 ) and 
triiodothyronine (T J). 
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Because of the importance of thyroid honnones in human physiological function. thyroid 
hormone synthesis is tightly regulated by a feedback control loop involving the anterior pituitary 
gland and the hypothalamus, two regions of the brain. Thyroid hormones arc synthesized in 
response to the secretion of thyroid-stimulating hornlOne (TSH) from the anterior pituitary. TSH 
production in thc anterior pituitary is regulated by levels of TSH-releasing hornlOnc (TRH) 
secreted by the hypothalamus. For instance, the anterior pituitary increases the production of 
TSH in response to decreased circulating thyroid honnone levels. In addition. there are 
compensatory responses that can include increased thyroidal blood flow, volume. iodide 
clearance, and preferential synthesis of the more biologically active T 3, which helps regulate the 
availability of appropriate thyroid honnone levels (Morreale de Escobar, Obregon. and Escobar 
del Ray 2000). The human thyroid maintains a reserve of thyroid horn10nes to compensate for 
fluctuations in iodide content in the diet. Additionally, humans have circulating levels of inactive 
T4 attached to thyroid-binding globulin, which also provides reserve thyroid hormones, 

Hypothyroidism is the most common type of thyroid disorder and occurs when the thyroid 
makes too little of the thyroid hormone that the body needs to function properly, Significant 
and/or sustained decreases in thyroid honnone levels in the bloodstream have been found to 
result in effects ranging from a decrease in metabolism, dry skin, cold intolerance. and tiredness 
to impairment in behavior, movement, speech, hearing, vision and intelligence (Felz and Forren 
2004). Hypothyroidism is a common disorder that is more likely to affect women than men 
(Surks et al. 2004). According to Hollowell et al. (2002),4.6% of Americans have elevated TSH 
levels, 0.3% of whom could be classified as having overt hypothyroidism and 4.3'Yo of whom 
could be classified as having mild or subclinical hypothyroidism. For individuals 65 years and 
older, I. 7% have overt hypothyroidism, and 13.7% have mild hypothyroidism. Surks et al. 
(2004) estimate the number of individuals with subclinical hypothyroidism to be between 4'/() 
and 8.5%, with women over age 60, approaching 20% incidence. 

During pregnancy, extra stress is placed on many maternal biological functions, including 
thyroid activity (Glinoer et al. 1992), Significant and/or sustained decreases in thyroid hornlOne 
levels could affect development of the fetus. If the maternal thyroid is not able to maintain 
adequate levels of thyroid horn10nes, especially during the first trimester, irreversible alterations 
in fetal neurological development could occur. Sufficient thyroid horn10ne (especially T 4 ) is 
required during fetal development of the central nervous system. T 4 is solcly supplied by the 
mother before the fetal thyroid gland becomes functional at the end of the first trimester 
(approximately 12 weeks) (Tillotson et al. 1994). After the first trimester, the fetal thyroid is 
functional and can maintain its own honnone levels. However, some studies suggest that T4 
supplied by the mother throughout pregnancy has an overall protective effect from fetal 
neurological impainnent (Morreale de Escobar, Obregon, and Escobar del Ray 2000). 
Unfortunately, the impact of maternal versus fetal honnone production during brain development 
is not well understood. The American Thyroid Association (2003) recommends that women of 
childbearing age consult their physician for guidance concerning thcir proper thyroid honnonc 
levels. 
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4.2 Perchlorate Toxicity 

Perchlorate is one of several compounds that competitively interfere with iodide uptake in the 
thyroid. Other compounds slIeh as nitrates. thiocyonate in cigarette smoke. and others are more 
prevalent in the environment than perchlorate. Iodide uptake inhibition is considered the mode of 
action (MOA) for perchlorate (Figure 4-1). The MOA also identifies that perchlorate has a 
threshold for effects and that the degree of effects arc dependent on the dosage. 

Serum . 

Perchlorate ~l P~rchlorate ~ of iodine ~ 3 4 hypertrophy 
Inhibition H T T H Thyroid 

exposure In blood uptake in t. or 
thyroid Serum hyperplasia 

TSH 

Metabolic 
effects at 
any age 

Abnormal fetal 
and child 

growth and 
development 

Figure 4-1. Mode of action model for perchlorate toxicity (Adapted from NRC 2005a). 

Animal and clinical studies conducted since 1997 were all designed based on this MOA for 
perchlorate. This MOA has been a point of agreement between toxicologists and risk assessors 
throughout the process to develop the perchlorate risk assessment; however, there is still some 
disagreement on defining the adverse or critical effect following perchlorate exposure and iodide 
inhibition. 

4.2.1 Animal Toxicity Studies 

To determine the health effects of perchlorate in humans, a fairly extensive database of animal 
toxicity studies was built in keeping with risk assessment guidelines and the MOA of 
perchlorate. This database includes a 90-day MOA study in rats (Siglin et a1. 2000), 
immunological effects in mice (Keil et a1. 1999), developmental effects in rats and rabbits (York 
et a1. 2001 a, 2003), two-generation reproductive studies in rats (York et a1. 200 I b), and 
developmental neurobehavioral studies in rats (Bekkedal et a1. 2000; Bekkedal e1 a1. 2004; York 
et aL 2004). It is not in the scope of this chapter to review these studies individually; the reader is 
referred to the studies listed in the references. The animal study database collectively supports 
the accepted MOA for perchlorate, competitive iodide uptake inhibition. and does not produce 
evidence of effects outside of that MOA. 
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Because rat and human thyroids work similarly, rat toxicity studies are valuable tools for 
qualitative information regarding the human thyroid: however, there are physiological 
differences between the human and rat pituitary-thyroid axis, which make rats inappropriate for 
quantifying predicted changes in humans for risk assessment purposes (NRC 2005a). 

4.2.2 Epidemiological Studies 

Perchlorate exposure of individuals is difficult to measure and has not been assessed directly in 
any of the studies conducted outside the occupational setting. Nearly all the studies were 
ecologic, including those in newborns and children, the groups potentially most vulnerable to the 
effects of perchlorate exposure. Ecologic studies, epidemiological studies without individual 
exposure characterization, can provide supporting evidence of a possible association but cannot 
themselves provide definitive evidence regarding cause. Epidemiologic studies have examined 
the associations of environmental exposure to perch lorate in drinking water at about 4-120 ppb 
(4-120 /lg/L) and abnorn1al ities of thyroid hormone and TSH production in newborns and 
thyroid diseases in infants and adults (Lamm and Doemland 1999, Brechner et aI. 2000, Crump 
ct aI. 2000, F. X. Li et al. 2000, Z. Li et aI. 2000, Schwartz 200 I, Morgan and Cassady 2002, 
Kelsh et al. 2003, Lamm 2003, Buffler et al. 2004). Occupational studies of respiratory 
exposures up to 0.5 mg/kg perchlorate per day and abnormalities of thyroid hormone and TSH 
production in adult workers have been conducted (Gibbs et aI. 1998, Lamm et al. 1999, 
Braverman et aI. 2004). Only one study (Chang ct al. 2003) has examined a possible relation 
between perchlorate exposure and adverse neurodevelopmental outcomes in children (attention
deficit/hyperactivity disorder and autism). A number of the studies have samples that are too 
small to detect differences in frequency of outcomes between exposure groups, and adjustment 
for potentially confounding factors was limited. The only study with measures of perchlorate 
made directly from drinking-water samples taken from faucets potentially used by people was a 
study in Chile (Crump et a1. 2000). 

4.2.3 Pharmacological Use and Clinical Studies 

In the 1950s and 1960s, potassium perchlorate was given in doses of 400-2000 mg daily to more 
than 1000 patients for the treatment of hyperthyroid disease for many weeks or months with 
beneficial results. In general, treatment resulted in few side effects; however, the development of 
aplastic anemia in six patients raised concerns that resulted in decreased use of potassium 
perchlorate as a phannacological agent, despite the fact that a direct cause-effect relationship 
between perchlorate and aplastic anemia was never established (Wolff 1998). 

A number of studies collected clinical data from adult human volunteers in a controlled setting 
after exposure to known amounts of perchlorate in drinking water ranging from 0.007 to 12 
mg/kg per day (Brabant et al. 1992; Lawrence et al. 2000; Lawrence, Lamm, and Braverman 
2001: Greer et al. 2002; Braverman et al. 2004). Except for the Brabant study, the clinical studies 
measured inhibition of iodide uptake into the thyroid glands as well as TSH and thyroid 
horn10nes. The Brabant study was conducted for four weeks, the Lawrence and Greer studies for 
two weeks, and the Bravern1an study for six months. Serum TSH levels did not increase, and 
thyroid hormones did not decrease in any group. 
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4.2.4 Pcrchlorate Ecological Toxicitv 

While 1110st of the available rcscarch on pcrchloratc has focused on dctermining effects of human 
exposure, perchlorate may havc deletcrious effccts on other spccies throughout the environment. 
Field and laboratory studies assist in our understanding of the fatc of perchlorate contamination 
in the environment. 

Current field studics have demonstratcd an overall lack of bioconccntration. Detectable 
concentrations of perchlorate were found only in a limited number of terrestrial mammals, birds, 
fish, amphibians, and insects exposed to elevated levels perchlorate in the environment (Parsons 
2001). Similarly, rodent tissue sampled along the Las Vegas Wash had surprisingly low 
concentrations of perchloratc compared to and cOITelating with high concentrations in soil and 
surface water (Smith et aI. 2004). Ficld studies of biota potentially impacted by releases of 
perchlorate associated with the fOITl1er Naval W capons Industrial Reserve Plant in McGregor, 
Texas, indicated detectable concentrations of perchlorate in periphyton (below detection to 
0.376 mg/kg), tree leaves (below detection to 48 mg/kg), aquatic plants (below detection to 
61.6 mglkg) and small bird and mammals (kidney and liver tissue, below detection to 64 mg/kg 
in mammals and 86 mg/kg in birds). Perchlorate was also detected in native fish, but not detected 
in the blood plasma of opossums and raccoons collected ncar impacted streams (Tan et al 2005). 

Perchlorate effects have also been assessed in both aquatic and terrestrial species of ecological 
relevance in laboratory studies. In aquatic environments, perchlorate concentrations under 
1000 mg/L did not significantly affect aquatic microbial photosynthesis, aquatic bacterial 
production, sediment bactcrial decomposition (i.e., respiration), or bog peat bacterial carbon 
dioxide and methane production in freshwater or marine systems (Hines et aI. 2002). Aquatic 
invertebrates, including the water flea (Ceriodaphnia dubia), tolerated 9.3 mg/L perchlorate 
under chronic conditions and up to 20 mg/L under acute (i.e., short-teITl1) conditions (Dean et aI. 
2004). An in vitro study of larval lamprey thyroids demonstrated that perchlorate's MOA is thc 
same in fish as in humans (i.e., decreased iodide uptake and production of T4) (Manzon and 
Y ouson 2002). At concentrations greater than 10 mg/L, perchlorate had no demonstrated effects 
on mortality, mating or offspring of adult threespine stickleback fish (Gasterosteus sp.) (Hines et 
a1. 2002). Fathead minnow (Pimephales promelas) embryos reared for 28 days in 1-100 mg/L 
perchlorate exhibited decreased whole-body T 4 levels, delayed developmcnt, decreased scale 
production, and altered thyroid histopathology (Crane et a1. 2005). Toxicity studies in 
amphibians indicate that they may be sensitive to high concentrations of perchlorate in the 
environment during metamorphosis (Dean et a1. 2004, Goleman et a1. 2002, Miranda et a1. 1995). 
Studies of terrestrial species include a few bird studies (McNabb, Jang, and Larsen 2004; 
McNabb 2003) and multiple laboratory animal studies (York et aI. 200 I a, 200 I b, 2003) 
performed to assess potential human health effects. Ecologically relevant studies in laboratory 
animals havc shown that perchlorate does not affect reproduction end points in rats and rabbits. 
Decreases in T4 and increases in TSH dcmonstrated in matemal laboratory rats at doses as low as 
0.0085 mg/kg/day perchlorate (Yark et al. 2003) would be expected to occur among wild rodcnt 
populations at similar exposures. Whether these changes would result in an ecologically relevant 
popUlation end point is not clear. 
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Ecological toxicity of perchlorate will bc important on a site-by-site risk assessment basis. At 
some sites, ecological interests instead of human health concerns may drive remediation efforts. 
Ecological risk will not be addressed further in this document. 

4.3 Perchlorate Exposure 

Recent developments in analytical chemistry have allowed perchloratc to be measured at low 
concentrations in water, soil, food, and vcgetation (Section 3). These advances in chemistry 
allow researchers to test for perchlorate in various media to levels as low as a few parts per 
trillion. 

To determine how humans and ecosystems may be exposed, routes of exposure must be 
identified. Routes of exposure to perchlorate in ecosystems are complex and not well defined in 
available literature; therefore, only human exposure is discussed in the remainder of this section 
(Section 4.3). 

4.3.1 Primary Routes of Exposure 

Chemicals may enter the human body in several ways, known as "roLItes of exposure," including 
ingestion, dermal (skin) absorption, and inhalation. The primary route of human exposure to 
perchlorate is via ingestion of perchlorate-contaminated water and/or food. Human studies have 
indicated that ingested perchlorate is readily and completely absorbed from the gastrointestinal 
tract and excreted rapidly primarily via the urine (Eichler 1929 as cited in Stanbury and 
Wyngaarden 1952, Durand 1938). Based on available literature, ingestion of perchlorate
contaminated drinking water is one of the major exposure routes of concern, although ingestion 
of contaminated food and human milk are other potential sources of exposure. 

When compared to ingestion, skin absorption and inhalation of perchlorate can be considered 
negligible exposure pathways. The compounds most readily absorbed through the skin are 
primarily organic chemicals. Because perchlorate is an inorganic compound and completely 
ionized in water, the potential for dermal absorption of perchlorate while bathing and washing is 
minimal. 

Perchlorate particles can be suspended in the air and can be inhaled by individuals working in 
areas where perchlorate is manufactured (Lamm et a1. 1999). Although release of perchlorate to 
the atmosphere is possible during the launching of solid propellant rockets, setting off fireworks, 
and as a result of the open detonation of old propellant, no published data were found on levels 
of perchlorate in the ambient air. Since perchlorate is not volatile, inhalation exposure from 
domestic use of contaminated water should not pose a problem (USEPA 2002). 

4.3.1.1 Drinking Water 

Publie water systems, monitored under the UCMR, have detected perchlorate concentrations ill 
several drinking water sources across the United States. In California, perchlorate has been 
found in more than 350 of the approximately 6,700 public drinking water sources (California 
Department of Health Services 2005). The lower Colorado River, a major source of irrigation 
and drinking water for southern California, also contain levels of perchlorate. Data collected by 
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the Nevada Division of Environmental Protection and the Metropolitan Water District of 
Southern California reflect perchlorate concentrations in the lower Colorado River. downstream 
of Hoover Dam, at less than 4 flg/L since June of 2004 (USEPA 2004c). Thc Texas Commission 
on Environmental Quality has detected pcrchloratc concentrations in an area excceding 30,000 
squarc miles in western Texas (Jackson ct al. 2003). Extensive testing of Massachusetts' public 
water supplies has shown several drinking water sources to have perchloratc. 

4.3.1.2 Food and Agriculture 

In some agricultural settings, perchlorate-contaminated groundwater or surface water is used to 
irrigate foodstuff crops and animal feed crops. Recent studies have investigated the presence of 
perchlorate in these crops. 

Studies conducted by Sanchez and Krieger (2004) revealed accumulation of perchlorate takes 
place in some plants and is accumulated mostly in leafy greens. Studies on lettuce have shown 
that accumulation occurs mostly in outer leaves and not consumable portions, such as the head 
(Susarla et aI. 1999c, Sanchez and Krieger 2004). Susarla, Wolfe, and McCutcheon (1999) 
reported that when lettuce was irrigated with perchlorate-contaminated watcr (0.2-5 mg/L), total 
perchlorate concentrations within the leaves, stems, and roots ranged 248-1559 mg/kg. FDA 
collected lettuce samples from fields or packing sheds and various lettuce types (e.g., romaine, 
red leaf, green leaf, iceberg) that were found to contain average perchlorate concentrations from 
7.76 to 11.9 ppb. (Sec Table 4-1 for preliminary results from data collected in five states). 
Tomatoes, carrots, cantaloupe, and spinach were also sampled, but results arc not available at 
this writing (USFDA 2004a, 2004b). 

Besides foodstuff crops, perchlorate has been detected in some animal feed crops, dairy, and 
meat. Alfalfa, a beef cattle and milk cow feed, tested at 109-555 flg/kg for samples from the 
Imperial Valley and 146-668 Jlg/kg from Yuma (Sanchez and Krieger 2004). Perchlorate has 
been detected in milk. The California Department of Food and Agriculture measured perchlorate 
at 1.5-10.6 ppb in milk samples. Milk samples (whole, 1 % fat, fat-free, and organic) collected at 
grocery stores in 14 states were found to contain an average perchlorate level of 5.76 ppb 
(USFDA 2004a, 2004b) (see Table 4-1 for preliminary results from data). In addition to these 
studies, information obtained by the Environmental Working Group (a private nonprofit 
environmental group) indicated that perchlorate in eight samples of lettuce from a California 
grower ranged 0.110-6.9 mg/kg (EWG 2004b), and researchers from Texas Tech University 
measured perchlorate concentration up to 6.4 ppb in samples of supermarket milk (Kirk et a1. 
2005). 

Other food sources where perchlorate has been detected include those detected by the Kansas 
Department of Health and the Environment. Unpublished data on perchlorate contamination in 
meat, chicken, eggs, produce, and fish indicate the following: chicken (8 and 14.6 ng/g wet 
weight), eggs «4 and 102 ng/g wet weight), and milk (4 ng/g wet weight) collected in the 
vicinity of a site that has contaminated groundwater ranging fr0111 <0.3 to 118 Jlg/L. Last, kelp 
analyzed by Orris et a1. (2003) contained 885,000 ppb perchlorate. Since kelp is used in many 
different food products, these high concentrations may be of concern. 
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Table 4-1. S l' FDA r . data l' lIected th hA roul?,. t 2004 
--

Numbu of LOQ* Mean value 
Lowest value Highest value 

Item (#) (#) 
samples (ppb) (ppb) 

(ppb) (ppb) 
Green lcaflettuce 25 1.0 10.7 1.0 (I) 27,4 (I) 

Iceberg lettuce 38 1.0 7.76 NQ** (8) 71.6(1) 
Red leaf lettuce 25 1.0 11.6 NQ (2) 52.0 ( I ) 
Romaine lettuce 40 1.0 11.9 NQ (2) 129 (l) 
Milk (all varieties) 104 3.0 5.76 NQ (3) 11.3 (1) 
*LOQ = limit of quantitation, **NQ = not quantifiable, 1;2 LOQ used in averaging. 

Even though perchlorate has been found in multiple food sources at varying concentrations, FDA 
continues to recommend that consumers cat a balanced diet, choosing a variety of foods that arc 
low in trans fat and saturated fat, and rich in high-fiber grains, fmits, and vegetables. 

4.3.2 Secondary Routes of Exposure: Fetal and Neonatal and Infant Exposure Pathways 

Secondary routes of exposure arc also of significant concern because they can impact sensitive 
receptors. Perchlorate can pass through the placenta and enter the fetal bloodstream; the lower 
the dose, the greater the percentage of maternal perchlorate that passes through the placenta to 
reach the fetus (Clewell et aL 2003a). 

Infants, which have been identified as a potentially sensitive receptor popUlation, may also be 
exposed to perchlorate in human milk. In laboratory studies, perchlorate was found in higher 
concentrations in the milk of treated animals than was present in the serum of the treated animals 
(Clewell et aL 2003b). Recently, Kirk et aL (2005) measured perchlorate concentrations in 36 
samples of human milk from 18 states. This exposure pathway is of concern because perchlorate 
may inhibit the active transport of iodide into the mammary gland (Tazebay et aL 2000). During 
early development, infants depend on maternal iodide present in the milk. 

4.4 Perchlorate Human Health rusk Assessment 

An oral RID is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily 
oral exposure to the human popUlation (including sensitive subgroups) that is likely to be 
without appreciable risk of deleterious noneancer health effects during a lifetime. A high
confidence RID is based on data that address all potentially critical life stages. 

Although there is a standard process for risk assessment, its application on a site-specific basis 
can be complex. The difficulty of site characterization, the likelihood of exposure under different 
scenarios, the ongoing scientific debate over toxicity, and the weighting of uncertainty result in a 
range of different outcomes and risk evaluations. These difficulties are evident in the site
specific risk assessments for most chemicals, including perchlorate. 
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4.4.1 Scnsitivc Subpopulations 

Concern for pcrchloratc toxicity is rooted in our common understanding of thyroid honnonc 
imbalance as described in Section 4.1. Whilc thcre is general agrecment that fetal and nconatal 
neurodcvelopment is the main end point of conccrn, thc disagreemcnt has occurrcd over what 
biological change constitutcs a key evcnt on which to base toxicity valucs. Potential key events 
for setting perchlorate toxicity values include inhibition of iodidc uptakc, alterations in thyroid 
hom10ne synthesis, or some othcr measurable end point. 

Based on the review of available studies, the senSItIve receptor of concern for perchloratc 
exposure is the developing fetus in a mother who is hypothyroid. It is postulated that 
hypothyroid pregnant women would not have sufficient compcnsatory mechanisms to manage 
reduced iodide uptake due to perchlorate competitive inhibition, although the dose-response 
relationship is still uncertain. Thyroid honnones are critical for both the fctus and neonate. 
Although the periods of development that are most sensitive to thyroid perturbations are known, 
our understanding is limited by lack of data on perchlorate dose-response, making it difficult to 
predict the potential effects of perchlorate (Howdeshell 2002). 

Fetal effects associated with sevcre iodide deficiencies (e.g., cretinism and mental retardation) 
are rare in the United States. Therefore, the primary conccrns regarding iodide deficicncy are 
decreased IQ and alterations in psychomotor development. A recent study by Auso et al. (2003) 
indicates that in rats even short-term iodide deficiency during fetal development results in altered 
neuronal migration, along with aberrant response to acoustic stimuli, including seizurcs. 
However, no studies of perchlorate conducted to date have documented these types of outcomcs 
in humans. Uncertainties in the identification of the threshold for maternal and fetal thyroid 
effects and their relationship to fetal brain development (MorreaJc dc Escobar, Obregon, and 
Escobar del Ray 2000) complicatc deriving allowable perchlorate concentrations. While fetuses 
of hypothyroid pregnant women are considered to be the most sensitive subpopulation, othcr 
populations of concern may includc nursing infants, childrcn. postmenopausal womcn, and 
hypothyroid individuals (Table 4-2). 

Adequate dietary iodine intake may reduce the susceptibility of individuals to the effccts of 
perchlorate exposure; however because iodine overdose can havc serious adversc impacts on 
thyroid function, it must be emphasized that individuals should not use ·iodine suppJcmcnts, 
unless specifically directed to do so by their doctor. 

4.4.2 Refcrence Dose 

To calculate an RID, risk assessors must first seJcct a study that demonstrates a dose-responsc 
relationship between the chemical of interest and some critical effect. The critical effcct is 
usually an adverse effect resulting from the chemical exposure. An analysis of the study is 
pcrfom)cd to dctennine thc dose whcre there is no observcd adverse effect (the no observcd 
adverse effect level [NOAEL]). In some cases, the NOAEL cannot be detern1ined, so thc lowest 
dose corresponding to the advcrse effcct is used (Jow observed adverse effect level [LOAEL n. 
The NOAEL or LOAEL is then used as the point of departure for the calculation of the RID. 
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Table 4-2. Subpopulations of potential concern 

Potential 
receptor of Rationale References 

concern 
._--,-----, 

Dcveloping Thyroid honnones necessary for normal brain Haddow et al. 1999, 
fetus development Howdeshcll 2002, Heindel and 

Zocller 2003, Lavado-Autric et 
al. 2003, Auso et al. 2003 

Nursing infants Exposure to perchlorate via human milk; brain Clewell et al. 2003b, Tazebay 
still developing, thyroid hormones necessary et al. 2000 
for brain develop_ment 

Children Brain still developing; thyroid hormones Giedd et al. 1999. Sowell et al. 
necessary for brain development, as well as 1999, Thompson et al. 2000, 
growth and metabolism Webster et a1. 2003 

Postmenopausal High rates of hypothyroidism Hollowell et al. 2002, Surks et • 
women al. 2004 

To calculate the RID, uncertainty factors are used to ensurc that the RID will bc adequately 
protcctive of public health. Uncertainty factors (traditionally 10 or 3) can be applied to 
compensate for studies that are based on subchronic (short-tern1) exposure, rather than chronic 
(long-term) exposure, studies conducted using laboratory animals, calculations based on the 
LOAEL, rather than the NOAEL, or database insufficiencics. The uncertainty factors are 
combined via multiplication, and the NOAEL (or LOAEL) is divided by thc unccrtainty factors 
to derive the RID. Table 4-3 illustrates how the reference dose for perchlorate has changcd ovcr 
time, as data havc accumulated. The DWEL is a nonrcgulatory value that is based on the 
assumption that 100% of perchlorate ingestion is from drinking water. 

To address these differcnces, the National Academy of Scienccs, thc National Research Council 
(NRC) established a committee to assess the health implications of perchlorate ingestion. At thc 
request of DoD, DOE, NASA and USEPA, the NRC committee has recently addressed a numbcr 
of charge questions covering key scientific issues associated with perchloratc risk and 
recommended an RID of 0.0007 mglkg/day (NRC 2005a). The NRC findings werc summarized 
in the "Report in Brief: Health Implications of Perchlorate Ingestion," which is available online 
(NRC 2005b). 

The NRC report detcnnined that the inhibition of iodide uptake is the key biochemical event, is 
not an adverse effect, and should be used as the basis of the risk assessment (NRC 2005a). The 
NRC committee considered rats to provide only qualitative infonnation on potential adverse 
eftects of perchlorate exposure. The committee found that human data provided a more reliablc 
point of departure than the animal data. They used iodide inhibition as the point of departure for 
developing the RID. Inhibition of iodide uptake is a more reliablc and valid measurc, has been 
unequivocally demonstrated in humans exposed to perchlorate, and is the key biochcmical event 
that precedes all other thyroid-mediated effects of perchlorate. Using a nonadverse effect that is 
a precursor to any adverse effects is an especially health-protective approach to the perchlorate 
risk assessmcnt (NRC 2005a). 
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Table 4-3. R f dRtD 

USEPA 1992 USEPA 1995 USEPA 1999 USEPA 2002 
NRC 2005 

USEPA IRIS 
Critical study Stanbury & Stanbury & Argus 1998 Argus 2001 Greer 2002 

Wyngaarden Wyngaarden Developmental Effects Study 
( 1952) ( 1952) Neurotoxicity 

Study 
SQecies Human Human Rat Rat Human 
Critical effect Release of Release of Altered brain Decrease T4 Inhibition of 
or biochemical iodide in the iodide in the morphometry levels in dams iodide uptake 
event thyroid due to thyroid due to (size and and altered in humans 

competitive competitive shape) in rat brain (key 
inhibition by inhibition by pups morphometry biochemical 
perchlorate perchlorate in rat pups event) 

NOAEL! 0.14 0,14 0.1 0.01 0.007* 
LOAEL 
mg/kg/day 
Uncertainty 1000 300 100 300 10 
factors 
Calculated 0.00014 0.00046 0.001 0.00003 0.0007 
reference dose, 
I11g/kg/day 
DWEL, ppb 4 18 32 1 24.5 
*This value is a No Observed Effect Level (NOEL). It differs from the NOAEL in that it is the 
highest dose at which there are no statistically or biologically significant increases in the 
frequency or severity of any effect between the exposed popUlations and its appropriate control. 

The committee applied a total uncertainty factor of 10 (variability among humans) to the point of 
departure, which was the NOEL of 0.007 mglkg/day in humans from the Greer et a1. (2002) 
study. One committee member felt that an additional uncertainty factor of 3 should be used for 
database adequacy. However, the other 14 committee members concluded that the database
which includes five human clinical studies, occupational and environmental epidemiologic 
studies, studies of long-tern1 perchlorate administration to patients with hyperthyroidism, and 
animal toxicology studies-is sufficient. The NRC committee concluded that a reference dose of 
0.0007 mg/kg body weight per day would protect the health of even the most sensitive groups of 
people over a lifetime of exposure (NRC 2005a). 

Based on the NRC report, USEPA posted the RID for perchlorate on the Integrated Risk 
Information System (IRIS) as 0.0007 mg/kg/day in February 2005. The USEPA has not yet set 
an MCL for perchlorate in drinking water. In lieu of this regulatory value, various entities may 
calculate DWELs. As described previously, the DWEL is a nonregulatory value calculated on 
the assumption that 100% of perchlorate ingestion is from drinking water. Its sole utility is in 
making rough comparisons among different reference doses. Since other sources, such as milk 
and food, contribute to the total perchlorate ingestion, a risk-based regulatory value should 
include an estimate of the relative source contribution of water. To accomplish this goal, 

45 



11.4070 

ITRC Perchlorate (hcn'ie\\ of ISSlICS, Status, and Remcdial Actions September 2005 

exposure from all sources must be aceounted for, as well as exposure factors, such as water 
eonsumption, and intake of (potentially contaminated) foods, As noted by NRC, such an 
assessmcnt requires policy decisions, which are beyond the scope of their document and this 
chapter. 

4.5 Perchlorate Uncertainties and Data Gaps 

There are currently many unanswered questions surrounding the prevalence of perchlorate in the 
environment, the possible exposures and effects, and the risk management strategies available to 
manage perchlorate contamination, Further information must be obtained in each of these areas 
to develop successful and appropriate strategies for handing perchlorate contamination now and 
in the future. 

4.5, I Toxicity Uncertainties and Data Gaps 

While animals are useful models because scientists can conduct multigenerational exposures 
(which cannot be conducted in humans), it is difficult to extrapolate effects in laboratory animals 
to effects in humans. This is particularly true for neurological effects, since animal models may 
not adequately capture the complexity of the human brain. 

Since iodide uptake fluctuates every day as a result of diet and other factors and the body's 
natural adaptive processes compensate for these fluctuations, it would be helpful to gain a better 
understanding of when iodide uptake inhibition by perchlorate reaches the threshold of iodide 
deficiency. We still need to elueidate the relationship between reduced iodide uptake with 
compensatory changes in thyroid regulation and an irreversible developmental effect (hormone 
dysregulation), 

There are several confounding factors that limit the value of epidemiological studies, including 
gaps in our understanding of these data. Comprehensive human epidemiologic studies may help 
quantify effects of perchlorate in sensitive subpopulations, assuming that researchers can 
develop adequate controls for potentially confounding factors, 

Although very high concentrations of perchlorate can cause cancer in laboratory animals (Capen 
1997; York et al. 2001a), exposure to perchlorate in the environment has not been shown to 
cause cancer in humans, and USEP A has concluded that perchlorate is unlikely to cause thyroid 
cancer in humans. The laboratory animal studies are somewhat controversial, Perchlorate does 
not produce tumors through alteration of genetic material in animals (USEPA 2002). Tumor 
production in laboratory animals is thought to be dependent on dose and the physiological 
perturbation of the thyroid honnone feedback system (USEPA 1998). The concentrations of 
perchlorate required to produce tumors are far greater than the amounts encountered by human 
popUlations, even in highly contaminated industrial settings (Gibbs et aL 1998, Lamm et aL 
1999). 

Finally, there are numerous other compounds that can modulate thyroid honnone homeostasis 
(for example, see list of chemicals compiled by Howdeshell [2002]). We lack data to evaluate 
potential interactions with these additional compounds, 
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4,5,2 Exposure Uncertainties and Data Gaps 

The prevalence of perchlorate in public and private drinking water supplies and in foodstuffs 
must be further e\·aluated. The results of recent sampling efforts in water and food indicate that 
perchlorate may be more widely prevalent than originally recognized. Additional sampling of 
thesc exposure media is ongoing. The results of such testing should be compiled and evaluated. 

Since nursing infants arc considered to be a potentially sensitive subpopulation, further research 
on measuring possible exposure to perchlorate in human milk would be a significant addition to 
the database. In paI1icular, further research should focus on understanding the effects of 
perchlorate exposure on lactation and the iodide and perchlorate concentrations in human milk, 
and in particular. the concentrations of perchlorate in human milk over time. 

1n quantifying the scope of eXIstmg contamination, research efforts can be aimed at 
understanding effects of environmentally relevant concentrations and the development of 
appropriate risk management strategies, 

4.5.3 Risk Assessment Un{:ertainties and Data Gaps 

Uncertainties. such as dose-response extrapolation and exposure estimation, confound the risk 
assessment process. In general, chemical concentrations of contaminants in food and water are 
much lower than those used in experimental settings (using rats as modcls, for example), 
Therefore, it is always difficult to estimate the potential effects of exposure to concentrations 
that arc much lower than those used in experiments. 

The primary sources of uncertainty in estimating an RID for perchlorate in drinking water arise 
from the absence of data on possible effects of exposure among populations at greatest risk of 
adverse effects of iodide deficiency (pregnant women and their fetuses and newborns). 
Therefore, to reduce the uncertainty in the understanding of human health effects associated with 
perchlorate exposures, NRC has recommended additional research in several areas. Some of the 
major research areas include studies to determine the effects in humans of chronic low-dose 
exposure to perchlorate and studies to determine the effects of perchlorate on sensitive 
subpopulations (fetuses, infants, and pregnant women). The NRC committee also recommended 
a clinical study to provide information on the potential chronic effects of perchlorate exposure on 
thyroid function. Finally, to ensure that all pregnant women have adequate iodide intake, the 
committee recommends that consideration be given to adding iodide to all prenatal vitamins 
(NRC 2005a). 

4.6 Summary 

There are several significant and unique challenges in identifying and managing risks associated 
with perchlorate. In summary: 

• Perchlorate competes with iodide uptake in the thyroid; this is the only known mode of 
action. 
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• Thc fctus of a hypothyroid woman is considered to bc the most sensltlvc receptoL Other 
scnsiti\e reccptors may includc nursing infants, children. postmenopausal women. and 
hypothyroid llldividuais. 

• Toxicological unccrtainty exists around the question. "\Vhat perchlorate exposure level leads 
to an adverse effect')" or conversely, "What perchlorate exposure level shO\vs no effcct in the 
most sensitive population?" 

• Humans can be exposed to perchlorate primarily through ingestion of contaminated water 
and foods. Exposure of infants to perchlorate in human milk is of concern as well. 

• Currently more is known about perchlorate exposure via drinking water than via other media 
since water supplies have recently begun testing for perchlorate, Less is known about 
exposure through food, although this data gap is receiving more attention, 

• Potential for impacts to other species-plants, animals, and fish-is another area for further 
evaluation; primary interest will be in accumulation and transmittal to humans through the 
food chain. but the potential for direct effects on other species should also be investigated. 

• NRC recently concluded that a reference dose of 0.0007 mg/kg body weight per day would 
protect the health of even the most sensitive groups of people over a lifetime of exposure. 
USEP A adopted NRC's recommended referenee dose. 

5. RISK MANAGEMENT AND REGULATORY STATUS 

This section briefly discusses the role of risk management strategies, presents some possible risk 
management actions, and discusses the current regulatory status of perchlorate. Risk 
management involves the evaluation of strategies to eliminate or minimize risks due to 
contaminants at a site. 

Because of the potential risks to human health associated with perchlorate exposure, the 
regulatory status of perchlorate has received increasing attention in recent years. At this point, 
the federal government and state governments have not yet set regulatory standards for 
perchlorate. However, some states have adopted advisory levels for perchlorate in drinking 
water, and a few states are considering or are in the process of promulgating state levels. It is 
important to note that although the federal government may set an MeL based upon the RID 
recently established by USEPA, states retain the right to set stricter state standards. 

5.1 Risk Management 

Risk management involves evaluation of several different factors to decide how best to eliminate 
or minimize risks due to contaminants at a site. Risk management typically involves either 
implementing remedial activities that reduce contaminant concentrations to acceptable risk
based levels (established during the risk assessment), taking other measures to prevent 
completion of exposure pathways, or combining these approaches. Because of site- and location
specific factors, risk management strategies may not be consistently applied across site and 
programmatic boundaries. 
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The foundation for risk management strategies is information provided in the risk assessment. 
Other factors evaluated as part of risk management include regulatory requirements. technical 
feasibility, cost, effectiveness. and public acceptance 

Risk management begins with initial evaluation of the potential and actual occurrence of a 
perchlorate source. Short-telll1 response actions generally evaluate sources relative to potential 
or completed exposure pathways. Initial efforts by regulatory entities may include identifying 
likely key source areas and sampling nearby water wells to help determine the need for 
immediate response actions to mitigate ongoing exposures. Environmental impacts that do not 
pose an immediate threat still require response actions, but using the more traditional, systematic 
approach common to all regulatory programs. 

5.1.1 Risk Management Strategies 

5. J. J. J Po/lution Preventiol1 

The best risk management approach is to prevent a chemical release before it occurs. Therefore, 
the regulatory agencies and the regulated community have taken steps to eliminate or minimize 
perchlorate releases and improve management practices. In addition, some states have initiated 
rcporting requirements for facilities that store or manage perchlorate materials. 

In some cases, it is possible to manufacture products without perchlorate. For example, some 
manufacturers arc now marketing alternatives to perchlorate-based road flares in the form of 
high-visibility lighting. How'ever, replacing perchlorate is not always possible or practical. 

Proper management and storage of perchlorate can also prevent perchlorate release to the 
environment. Solid perchlorate may be delivered in "super-sacks" or bags and typically stored on 
pallets within buildings constructed with concrete floors. Perchlorate may also be supplied in 
dmms. Steel dmms containing perchlorate arc stored separately from potential fuels such as 
wood, oil, grease, etc. and provide isolation from the environment. Perchlorate salts and 
solutions are very corrosive to steel and degrade fiberglass and concrete. For example, corrosion 
impacts to conercte and steel, at least in part, have resulted in the release of perchlorate to 
groundwater at the fom1er manufacturing facility at Henderson, Nevada. Unless the storage 
vessels, piping, and secondary containment are corrosion resistant and monitored, leakage to the 
environment and groundwater contamination can occur. Storage of bags and super-sacks and 
pouring/transfer operations may release perchlorate in the fom1 of dust with similar results. 

Some commercial explosives manufacturing facilities in operation today are equipped to ensure 
zero discharge of perchlorate waste. At these faeil ities, all wash water is captured and used in 
production, and affected containers are rinsed to remove all perchlorate before being disposed. 
Some facilities capture and recycle all residual perchlorate into new product. Incineration at a 
RCRA Treatment Storage or Disposal Facility. though very expensive, is also a disposal option 
for any perchlorate wastes. Explosives ready for usc arc typically stored in magazines for safety 
purposes. There is little risk of release from complete and packaged explosives unless 
carelcssness results in packaging puncture with subsequent leakage. 
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Califomia requires that perchlorate facilities have an unsaturated zone monitoring program and 
that all existing groundwater monitoring \vells in the state be available for usc as early waming 
or sentinel wells to warn of impending threat to drinking water resources. By the end of 2005, 
the Califomia Department of Toxic Substances Control will adopt regulations specifying BMPs 
for managing perchlorate materials and prohibiting the management of perchlorate materials 
after the effective date of those regulations except in compliance with the specified BM Ps. The 
California Environmental Protection Agency will also be required to establish a statewide data 
base for the electronic collection of perchlorate data. 

5.1.1.2 Recycling 

Since the early 1990s, the anned services have been developing methods of recycling solid 
rocket propellai1t, primarily because of concems over air emissions from open buming. See 
Section 2.2.1.3 for more information on recycling of solid rocket propellants. 

5.1.1.3 Risk Reduction 

Assuming that "no action" has been eliminated as a potential response action, potential response 
actions fall into two broad categories: (a) the usc of engineering or institutional actions to 
interrupt exposure media and ingestion pathways and (b) treatment solutions to address 
contaminant sources that pose an ongoing threat of release and environmental degradation. 

Alternative Water Supply. When perchlorate has contaminated a drinking water source, one 
option is to provide an altemative drinking water supply (e.g., providing bottled water or 
switching to different source waters). Due to the volume of water supplied to most communities, 
this strategy may greatly affect the infrastructure and incur some costs. In some cases other 
sources may not be availablc, or the altemative supply may have other contaminants of eoncem 
not yet identified. In some cases states have issued wamings to the public without or before 
ensuring an alternative water supply. This approach allows the public to decide for themselves
based on age, condition, etC.-whether there is enough risk to identify an alternative water 
source. However, finding an altemative water supply does not lessen the need to clean up the 
source and impacted groundwater areas. 

Blending. Some water purveyors have traditionally blended water from different sources and 
with different characteristics to produce a suitable, deliverable water supply. Blending is 
typically conducted to ensure that water supplied to the public is below an MeL or other 
regulatory standard and is a strategy that has been previously used in some cases of inorganic 
and organic contamination. Blending may be the only available option for a water purveyor with 
perchlorate contamination because of significant water demands, insufficient water treatment 
facilities, and insufficient resources. 

As a long-tenn strategy, blending essentially allows lower-level exposure to a larger population 
instead of higher exposure to a smaller population. This strategy imposes exposure to 
concentrations below regulatory thresholds on populations who were not originally exposed to a 
contaminant. From a cost standpoint, blending may require additional services or construction of 
a new distribution infrastructure. It is also likely that the source areas and highly impacted 
groundwater require cleanup. 

50 



11.4075 

ITRC ~ Perchloratc' Ovef\'icw uf ls,ucs, Status. and RcmcOlal ,\UiOll\ Septcmbcr 200:; 

Treatment Prior to lise. Based on the extensive volume of drinking water supplied to most 
areas, surfaee water or groundwater treatment for perehlorate contamination would he costly, 
Available technologies for treating perchlorate include filtration through resins or other media 
that remove the compound and biological treatment of perchlorate that destroys the perchlorate 
ion. Section 6 presents several different treatment technologies and factors and limitations for the 
treatment technologies. 

Plume/Source Remediation. Groundwater contaminants that have moved away from the source 
are typically characterized as "plumes." In the event that a contaminant plume has not yet 
affected a drinking water supply system, treatment of the plume and its source may be one 
alternative for preventing exposure in the future. In the event that a contaminant plume has 
already affected a drinking water supply well, treating the plume and/or the source may be 
components of a remedy that could eventually restore the quality of the drinking water supply. 
Groundwater remediation technologies are addressed in Section 6. 

5.2 Regulatory Status 

5.2.1 Federal Status 

USEP A has not yet set an MCL for perchlorate in drinking water; however, the 1999 interim 
Assessment Guidance(or Perchlorate is still in effect (USEPA 1999a). In 2003, the USEPA 
reaffirmed the guidance with the added suggestion to carefully consider the low end of the 
provisional 4-18 ppb range (USEPA 2003b). In February 2005, based on the National Academy 
of Science's January 2005 report (NRC 2005a), USEPA cstablishcd an official RID of 
0.0007 mg/kg/day of perchlorate. 

In lieu of a regulatory value, various entities may calculate DWELs. As deseribed previOUSly, the 
DWEL is a nonregulatory value calculated on the assumption that 100% of perchlorate ingestion 
is from drinking water. Its sale utility is in making rough comparisons among different reference 
doses. 

5.2.2 State Status 

Some states have adopted advisory levels for perchlorate in drinking water, while a few are 
considering or are in the process of promulgating state levels. Massachusetts and California are 
currently in the process of promulgating state levels. Massachusetts has recently reaffirmed its 
proposed level of I ppb, while California has proposed a level of 6 ppb. These two states, and 
others that are considering promulgating state levels. evaluate the same toxicological data as 
presented in Section 4 to determine a proposed level. It is this interpretation and evaluation of 
data (such as applying a different uncertainty factor or considering food sources in addition to 
drinking water sources of perchlorate) that results that results in different proposed numbers at 
the state and federal levels. 

The ITRC Perchlorate Team conducted a survey in 2004 to assess the most recent and currcnt 
status of state regulatory, advisory, hcalth-based, and/or other levels for perchlorate. The results 
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of the survey represent a snapshot in time and will be outdated by the ongoing assessment of 
perchlorate toxicity data and any resulting federal standard and/or state standards. 

The survey focused on perchlorate health-based goals. cleanup goals. and action levcls in 
groundwater, soil, surface water. and drinking water and consisted of the following five questions: 

• Does your state have a health-based goal for perchlorate') 
• Does your state have a state-promulgated drinking water standard for perchlorate? 
• Does your state have a regulatory cleanup standard or level for perchlorate in groundwater? 
• Does your state have a cleanup standard or level for perchlorate in surface water? 
• Does your state have cleanup levels of standards for perchlorate in soil? 

Fourteen states responded to the survey directly, and additional information was obtained via 
telephone call (New Mexico), via e-mail (Alabama) from the Texas Interoffice Memo 
(November 14, 2001) discussing an interim standard for perchlorate, and the USEPA Web site 
(MD) (Table 5-1). 

Based on the survey results, states have not yet established official promulgated perchlorate 
standards or cleanup levels. The results also indicate that only a few states arc evaluating official 
drinking water standards and that at least two states, Massachusetts and California, appear to be 
near completion of officially establishing state standards. California has proposed an MCL of 6 
ppb and Massachusetts has established a health-based goal of I ppb for sensitive populations. 

Currently, some states are using interim action levels based on the USEPA Jnterim Assessment 
Guidance ol Perchlorate or site-specific risk-based cleanup standards to conduct remediation 
activities. For example, the Superfund Record of Decision for the Aerojet facility in Rancho 
Cordova, California, established a discharge and cleanup standard of 4.0 ppb for perchlorate. In 
July 2001, USEPA Region I established a perchlorate groundwater cleanup level of 1.5 ppb for 
Camp Edwards at MMR in Massachusetts. At least one state has adopted usage of the reference 
dose in the IRIS database. This state, Texas, has modified their risk reduction nIles to adopt the 
RID for use in their risk based exposure limit equations. 

52 



11.4077 

ITRC Perchlorate: O\l:rview of Issues, Status, and Remedial Action~ September 2005 

Table 5-1. Resu ts of perchlorate eve s survey lquantities arc in rarts_per billion) 
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1I Alabama is currently developing a program to set site-specific risk-based standards for some 
chemicals of concem, including perchlorate. 

b Arkansas currently uses this number for plume definition. 
C Massachusetts: health-based goal for sensitive populations. 
d Nevada has adopted a provisional action level of 18 ppb in groundwater and surface water 

until a new national standard is set by USEP A. 
" Texas has established an action level, based on residential land use, for drinking water (Class 1 

groundwater) at 17 ppb and 1700 ppb for nondrinking water (Class 3 groundwater). Where 
impacted groundwater is released to surface water used/designated as dlinking water sources, 
the 17 ppb would apply as a surrogate standard. 

g This level is the protective level for leachate of perchlorate from soil to drinking water; human 
health protective level in soil (combination of inhalation, ingestion, dermal contact, and 
vegetable consumption pathways) is 51,000 ppb. 

" Drinking water screening level. 

The following are additional responses and information provided by a number of respondents 
that could not be incorporated into Table 5-1 : 
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• Califomia, New Hampshire, and New Mexico indicated that current cleanup standards would 
be health risk based and site specific 

• Oregon indicated that no guidance or ntlemaking on perchlorate is anticipated in the ncar 
future, but the state continues to track developments at a national and regionalleyel. 

• MADEP is currently conducting occurrence monitoring of public water supplies to support 
the development of a drinking water MCL and is also developing soil and groundwater 
standards. 

• Arkansas will adopt a national standard as soon as one is set and usc the soil number that 
USEPA Region VI will produce. 

• Nevada has adopted a provisional action level of 18 ppb in groundwater and surface water 
for managing characterization and remediation at the Kerr-McGee and AMPAC facilities. 
When a national standard is set, Nevada will adopt this new standard. 

• New York indicated that a drinking water standard is being developed by New York State 
Department of Health. 

6. REMEDIATION TECHNOLOGIES 

This section surveys the current state of perchlorate remediation technologies, with a focus on 
proven and commercially available technologies. Emerging technologies with tested bench-scale 
and/or pilot-scale studies, as well as those perchlorate treatment technologies in developmental 
stages, are also briefly discussed. The majority of the technologies discllssed have primarily been 
applied to groundwater contamination. However, this section includes a brief review of 
perchlorate remediation technologies that are applicable for remediation of perchlorate in soil. A 
summ31Y of different technologies, including each technology'S applied scale (i.e., bench, pilot, 
or full), throughput (amount by volume treated), effectiveness. and current applicability towards 
a specific media is provided in Appendix F. A more detailed review and discussion of 
perchlorate treatment technologies, including a number of case studies and associated costs, will 
be provided in the ITRC Perchlorate Team's technical and regulatory guidance document, 
currently under development. 

The success of any perchlorate treatment technology depends on several factors, including 
perchlorate concentration, the presence and concentrations of eo contaminants, and groundwater 
geochemistry. In general, ion exchange is more cost-effective when perchlorate concentrations 
arc low «50 /lg/L). In addition, common anions in groundwater, including nitrate. sulfate, and 
bicarbonate, compete with perchlorate for binding sites on ion exchange resins. As the 
concentrations of these anions increase, the cost of ion exchange for perchlorate removal tends to 
also increase. Alternatively, microbial perchlorate reduction is negatively impacted by specific 
geochemical parameters, including low pH and high TDS. High levels of cocontaminants, sllch 
as heavy metals and organic solvents, could also be anticipated to negatively impact perchlorate 
degradation. It is important to consider these site-specific factors when selecting treatment 
technologies. 
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6.1 Cocontaminants 

Cocontaminants can have an impact on the successful remediation of perchlorate. The most 
common cocontaminants found at perchlorate-contaminated sites are nitrate and sulfate (Table 
6-1). Nitrate concentrations in contaminated media arc generally far greater than those of 
perchlorate. and the presence of nitrate typically interferes with efficient reduction of the 
perchlorate anion. However, nitrate is commonly removed along with perchlorate because most 
perchlorate-reducing bacteria are denitrifiers as well (Logan 200 J). The presence of sulfate 
should not adversely impact perchlorate removal, as perchlorate is generally reduced before 
sulfate. However, if the redox potential is too low, sulfate may become the electron acceptor 
(lTRC 2002). Additionally, eoeontaminants such as sulfate, nitrate, bicarbonate, carbonate, and 
bromide can also compete with perchlorate during the ion exchange process. 

Table 6-1. A partial list of characterized perchlorate-contaminated sites with identified 
cocontaminants 

Site 
Contaminated 

Other identified contaminants 
media 

Aerojet Facility, Rancho Groundwater TCE, N-nitrosodimethylamine (NDMA), 
Cordova, California nitrate, sulfate 
Aerojet Facility, San Gabriel, Groundwater Nitrate, TCE 
California" 
Big Dalton Well Site, Los Groundwater Nitrate, sulfate 
Angeles, California" 
La Puente, California{l Groundwater NDMA, I ,4-dioxane. sulfate, VOCs 
Confidential site Groundwater Nitrate, ehlorateh 

DoD site, West Virginia Groundwater Nitrate, sulfate 
Edwards Air Force Base, Groundwater Nitrate, sulfate 
California 
Henderson, Nevada Groundwater Sulfate, sodium, calcium, magnesium, nitrate, 

boron, hexavalcnt chromium, chlorate 
Lawrence Livermore National Groundwater VOCs, nitrate, explosive compounds 
Laboratory, Site 300, 
Livermore, California 
Pueblo Chemical Depot, Soil, HMX, RDX, nitrate 
Colorado groundwater 
a These arc three different plumes from the same site, San Gabriel Valley Area 2 Superfund Site, 

also known as the Baldwin Park Operable Unit. 
/' Chlorate may be present as a cocontaminant as well as a potential degradation product. Isotopic 

analyses of these surrogate chemicals associated with perchlorate may similarly provide a 
means of source identification and cost apportionment. 

Source: Hjeresen et a1. 2003. 

The presence of cocontaminants at perchlorate sites also depends on facility-specific operations 
and historical practices. For example, the majority of major weapons system with solid 
propulsion, explosive devices, or pyrotechnic devices contain perchlorate compounds. At such 
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sitcs. typical cocontaminants also include volatile organic compounds (VOCs). halogenated 
VOCs such as trichlorocthylene (TCE), solvents. and explosive compounds such as 
trinitrotoluenc (TNT). RDX. and HMX (ITRC 2002), The presence of thesc compounds makes 
perchloratc treatment systems morc difficult to design, 

Because of thesc concerns rcgarding cocontaminants. all cocontaminants should bc well 
charactcrizcd before selccting a perchloratc treatment technology. This document docs not 
review the cffects of cocontaminants in any further detail for individual treatment systems. A 
more detailed discussion of the impact of cocontaminants on perchlorate treatment tcchnologics 
will be addressed in the ITRC Perchloratc Team's ncxt document. 

6.2 Remediation Technology Applicability Matrix 

There arc a variety of remediation tcchnologies for perchlorate remediation. Somc technologies 
arc proven and commercially available, while others arc still in the research and dcvelopment 
phase. This document provides an overvicw of the commcrcially available tcchnologies (Scction 
6.3) and summaries of emerging tcchnologies still at the bench- or pilot-scalc stagc (Scction 6.4). 

To summarize thc state of technology developmcnt at this point in time, a detailed list of the 
various remediation technologies bcing used for 120 different projccts has becn compiled and 
provided in Appendix F. Of these 120 projects, 51 are full-scale systems. Thirty-nine treatment 
units were operational at the time of the completion of this report. 

6.3 Proven/Commercially Available Technologies 

A varicty of remediation technologies are currently commercially available and being used for 
perchloratc remediation. These remediation technologies fall into two broad categories, ion 
exchange and biological processes. The majority of these treatmcnt tcchnologies havc bccn 
applied to remediation of groundwater; however, biological processes are also bcing applicd to 
thc remediation of soils. 

6.3.1 Ion Exchange 

Ion exchange is a reversible chemical reaction wherein an ion from solution is exchanged for a 
similarly charged ion attached to an immobile solid. Similar to adsorption or chemical reactions, 
ion exchangc dcpends on several variables, including the presence and concentrations of 
competing ions. 

Ion exchange is the most commonly used physical treatment process for the trcatment of 
perchloratc-impaeted groundwater. During ion cxchange, perchlorate. which is a negatively 
charged ion (anion), is exchanged with another anion, typically chloride (CI-). Thc ion exchange 
medium consists of a polymer (ion exchange rcsin) containing a positively charged functional 
group (e.g., a quaternary aminc, KIN+) with a strong preferential affinity to the perch loratc ion. 
The following is the primary ion cxchange equilibrium reaction of perchlorate with a strong basc 
ion cxchange resin in the chloride form: 

56 



11.4081 

nRC· Perchlorate O\ervic\\ of b,lIcs. Statu.,. and Remedial i\etion~ Septcmber 2005 

R4N+CI-+ CI04-~ R4N+CI04- + CI- . 

Ion exchange is an equilibrium process. and exposing the contaminant-laden ion exchange resin 
to a concentratcd (sodium) chloride brine can revcrse the equilibrium of the reaction to the \eft. 
thus displacing the perchlorate from the resin. This equilibrium reversal is used in the 
regeneration of spent resin and creatcs a brine with relatively high perchlorate concentrations 
that needs .to be managed further. Once the resin is reloaded with chloride, it is placed back in 
service. and the ion exchange cycle is repeated. Another spent-resin management option that is 
widely used for resins based on styrene-divinylbenzene copolymers involves removal of the ion 
exchange resin when loaded with perchlorate for thermal destruction by blending the resin with 
boiler fuel. Figure 6-1 presents a conceptual schematic of the ion exchange process showing the 
two main management options for perchlorate-impacted ion exchange resins. 
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Many other anions commonly present in groundwater will compete with the perchlorate ion for 
this reaction. These include sulfate (SO/-), nitrate (N03 -), bicarbonate (HC03 -), carbonate 
(CO/-), and bromide (Br-). Trace ions can also compete with the perchlorate ion for the resin 
surface (e.g., chlorate, bromate [BrO~-], arsenate, etc.). Water that contains high TDS values can 
significantly hinder ion exchange effectiveness and can become cost-prohibitive to treat. 
Interference from other anion species on the perchlorate loading of an ion exchange resin can be 
minimized by selecting a resin with functional groups that favor the exchange of perchlorate 
over other anions. 
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Several ion exchange equipment designs arc currently employed. including fixed-bed downtlo\\' 
or upflow contactor systems that can be operated in either concurrent or countercurrent (service 
flow in the direction opposite to the regeneration), continuous moving-bed systems. and 
continuous multiport rotating distributor systems (e.g., Calgon Carbon's Ion SEParator [ISEP®] 
system). Some newer resin designs. however, take advantage of a greater sclectivity for 
perchlorate, making it possible to operate the ion exchange unit for a protracted period of time 
while removing mainly perchlorate and not all of the other ions in the influent stream. 
Depending on the method of ion exchange system operation, the volume of the regenerant waste 
stream can range 2%-8% of the volume of water treated by ion exchange. 

ORNL and the University of Tenncssce have developed bifunctional resins that have the highest 
selectivity for perchlorate (CaIEP A. 2004). These resins can bc regenerated or removcd for off
site disposal; several ompanics now markct commcrcially available ion exchange resins. The 
quaternary ammonium groups combined with small alkyl groups afford these bifunctional resins 
high perchlorate selectivity and highly favorable exchange kinetics. 

6.3.1.1 Concentrated Brine Treatment 

Although regeneration of ion exchange resins is widcly practiced in general, thc management of 
the regenerant brine containing high levels of perchlorate in the presence of high chlorides and 
other anions poses significant challenges. The following summarizes three regenerant brine 
treatment alternatives: catalytic chemical rcduction, ferrous chloride reduction, and biological 
reduction. Aside from the destruction of the perchlorate in the brine, the catalytic and ferrous 
iron reduction options aim to recycle the treated brine and reuse it for the regeneration of 
perchlorate laden resin. 

Catalytic Chemical Reduction. In 1999, Calgon Carbon pilot-tested catalytic chemical 
reduction using ammonia as the reductant on the concentrated brine of their ion exchange 
system. The process was conducted under high pressure and temperature. The test results 
demonstrated effective destruction of perchlorate to levels below the (elevated) detection limit of 
125 /lg/L (Calgon, 1999). Calgon Carbon has coupled this technology with the ISEP@ system to 
treat the concentrated ion exchange regenerant solution. The combined system is referred to as 

(R', 

the ISEP~+ system. 

Ferrous Chloride Reduction. ORNL has developed a new technology to regenerate selective 
ion exchange resins using a ferric chloride solution acidified with hydrochloric acid, creating a 
tetrachloroferrate ion (FeCI4 -). The tetraehloroferrate ion displaces the perchlorate from the ion 
exchange resin. Desorption of the tetrachloroferrate ion from the resin takes place with water or 
a dilute acidic solution, so the resin becomes available again for perchlorate removal. The 
perchlorate-rich regenerant solution. is subsequently reduced using ferrous chloride under 
elevated temperatures «200"C) andlor pressures (~20 atmospheres) (Gu et a1. 2001). Although 
this regeneration technology could be used either on or off site. it is likely that off-site 
regeneration will be appropriate for most low resin usage applications. 
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Biological Reduction. A membrane bioreaetor system (MBR) is undergoing testing by Applied 
Research Associates for the treatment of perchlorate in the brine produced by regenerable ion 
exchange systems, The MBR has been successful at treating perchlorate-laden brine with TOS 
levels as high as 7% in the laboratory and underwent field testing in late 2004. (Section 6.3.2.1). 

63.1.2 Spent Resin Disposal/Destruction 

The vast majority of full-scale ion exchange applications for perchlorate treatment employ a 
once-through treatment where the perchlorate-laden (spent) resin is disposed of at an off-site 
location. Although landfill disposal could be considered, it is not widely used and docs not 
eliminate the generator's ongoing liability. Instead. most spent resin management options center 
around thern1al destmction, either via fuel blending or hazardous waste incineration. 

6.3.2 Biological Processes 

Perchlorate-reducing bacteria appear to be widespread in the environment, even though the 
presence of perchlorate is localized. This conclusion is supported by both microbial isolations 
and a multitude of microcosm studies showing that the addition of an appropriate electron donor 
(i.e., energy source) to a site sample causes perchlorate degradation without the addition of 
exogenous bacteria (Coates et aL 1999; Hatzinger et aL 2002: Waller, Cox, and Edwards 2004; 
Tan, Anderson, and Jackson 2004). That biological perchlorate reduction is occurring so widely 
in nature in the absence of perchlorate may reflect the similarity of the enzymatic reduction to 
biological denitrification and the conservation of this metabolism by microorganisms. 

The biological degradation of chlorate was first observed in the 1920s and is the basis of an 
assay for biochemical oxygen demand (BOD) in wastewater (Bryan 1966, Logan 1998). A 
limited amount of research was also performed in the degradation of perchlorate as early as the 
1960s (Hackenthal et aL 1964), but significant studies in this area began in only the mid-1990s 
concurrent with the first reports of widespread perchlorate contamination in the United States. 
Despite the rather short period of study, appreciable knowledge has been gained concerning the 
types of perchlorate-reducing bacteria, their ecology, and the pathway and kinetics of the 
biological reduction process. 

A variety of perchlorate-reducing bacteria have been isolated, many of which are members of the 
newly identified genera Dechloromonas. Dechlorospiril/um, and Azospira (formerly 
Dechlorosoma) (Achenbach et aI. 2001, Xu et aL 2003). All of the bacteria isolated to date are 
facultative anaerobes, i.e., organisms that can grow in either the presence or the absence of 
oxygen, provided proper nutrients are available in the medium. Using this metabolic versatility, 
these organisms arc capable of degrading perchlorate, chlorate, and in most cases, nitrate. For 
perchlorate, these bacteria use an organic substrate or, in some cases. hydrogen gas as an 
electron donor and use the perchlorate molecule as a tem1inal electron acceptor. As shown in 
Figure 6-2, the bacteria oxidize the organic substrate to carbon dioxide (or sometimes an 
intermediate) and reduce perchlorate initially to chlorate and then chlorite and finally to chloride 
and oxygen (Van Ginkel et aI. 1996, Kengen et aI. 1999). The enzyme (per)chlorate reductase is 
known to carry out this initial two-step reaction. A second enzyme, chlorite dismutase, 
subsequently disproportionates chlorite to chloride (Cn and oxygen (02) (Coates et aI. 1999). 
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An immunoprobe for the chlorite dismutase gene has been developed to detect pcrchlorate
reducing bacteria in environmental samples (O'Conner and Coates 2002). 

Biomass + CO2 Substrate 

~ 
"If-

., O2 

Figure 6-2. Schematic of biological reduction of perchlorate. 

A variety of different electron donors have been shown to promote the biological reduction of 
perchlorate by individual strains and/or in environmental microcosms. These substrates include 
fatty acids (e.g., acetate, citrate, lactate), mixed and pure sugars (e.g., molasses, glucose), 
protein-rich substrates (whey, casamino acids), alcohols (e.g., ethanol), vegetable oils (Borden, 
Lindow, and Rodriguez 2004; Henry et al. 2003), and hydrogen gas (Logan 1998; Hunter 2002; 
Waller, Cox, and Edwards 2004; Zhang, Bruns, and Logan 2002; Hatzinger 2002). However, the 
specific substrates utilized as energy sources arc strain- and site-specific. 

The irony of perchlorate remediation is that despite the large numbers of microorganisms shown 
to be capable of reducing perchlorate and the breadth of metabolic capabilities that these 
microorganisms possess, perchlorate continues to persist in the environment. Thus, it remains 
important to develop approaches to address the large volumes of perchlorate-contaminated 
groundwater and soil. Biological processes offer many powerful and manageable solutions to 
this problem and are discussed in the following sections. 

6.3.2.1 Ex Situ Bioremediation 

A variety of different biological reactors, including continuous-flow stirred tank reactors 
(CSTRs), packed-bed reactors (PBRs), and fluidized-bed reactors (fBRs), have been tested for 
the ex situ bioremediation of perchlorate in water and wastewater. A recent review summarizing 
pilot- and full-scale bioreactor systems for perchlorate is provided by Hatzinger (2005). 
Figure 6-3 presents a diagram of a generalized ex situ bioremediation system. In addition, brief 
descriptions of these reactor designs are provided in the subsequent sections, and information 
concerning current status for perchlorate treatment can be found in Table 6-2. 
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Figure 6-3. General schematic of ex situ bioremcdiation. 

Table 6-2. Bioreactor system information 

Description/location Scale Status 
Perchlorate levels 

treated 
For treatment ofhog-ou( Originally: PFototype 1997, Capable of treating 
wastewater, Thiokol, Brigham City, 1,600 and expanded in ~ 100,000 pounds per 
Utah, using Wolinella succinogenes 720 gal, 2 x 2002, currently year 
HAP-I and desugared molasscs 1,000 gal operational 

added 
For treatment of wastes from 2,500- Currently Influent of 3,000 ppm to 
gunpowder manufacture, Hodgdon 5,000 gpd operational less than ~20 ppb 
Powder Co., Kansas (minimum rep011ing 

level [MRLJ) 
Treatment of both nitrate and Required flow Operational since Designed to treat 8 ppm 
perchlorate in groundwater, 4,000 gpm, 1998 perchlorate and 1.5 ppm 
AeroJet General Corp., Rancho currently nitrate, currently, 
Cordova, California," using 5,300 gplll influent of 1,700 ppb to 
granular activated charcoal (GAC), less than 4 ppb (MRL) 
with ethanol 
Treatment of groundwater, 50 gpm Operational since Influent averaging 
Longhorn Anny Ammunition Plant. 2001 25 ppm to effluent less 
Karnak, Texas,' using GAC, with than 4 ppb 
acetic acid 
Treatment of groundwater, Upto Operational since Influent average of 
McGregor Naval Weapons facility, 400 gpm 2002 2.3 ppm (range 0.5 
McGregor, Texas:' using GAC, 5 ppm). effluent less 
with carbon source not specified than 4 ppb 
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Reactor type Description/location Scale Status 
Perchlora te lewis 

treated 
Treatlllent of groundwater at - , (Jon grill OperatIOnal since Effluent nondetecl 
Henderson. NY' (Kerr-McGee 2004 leve ls . , R ppb 
plant) using sand and GAC. with 
ethanol and mixed microbial 
~opulation 

Packed bed This type of system has been pilot- Up to 20 gpm No operational See references 
reactor tested for drinking water treatment units 
laboratory at Castaic Lakc 
snJdies 
Other Trcatment of drinking watcr at 1.5 gpm Pilot-scale Influent initi ally 60 ppb. 
biorcactor laboratory scale using a hollow- testing effluent going to <6 ppb . 
designs fiber membranel i 

Treatment of brine from ion I gpm Pilot-scale Influent initially 3-
exchange systems, Applied testing 4 ppm, effluent going to 
Research Associates, using <50 ppb reporting limit 
membrane biorcactor technology 

" Hog-out wastewater is generated when high-pressurc water is used to remove solid propellants from rockets and 
missiles (a process oftcn temled "hog-out"). Initial laboratory and pilot-scale studies were perfonncd at Tyndall 
Air Foree Base (Pensacola, Fla. ) in the early I 990s. 

h System consists of four FBRs, 14 inches in diameter by 22 feet hi gh. First cOlllmercial installation of FBR. System 
discharges overland toward the Amcrican River and has treated more than g billion gallons since 199X . 

' System consists of one FBR, 5 feet in diameter by 22 feet high . 
d Single 7.5-foot-diametcr FBR . The !,'Toundwater feeding the reac tor at McGregor emanates from a series of cut-off 

trenches install ed at the site, a subset of which are also designed to promote in situ perchlorate treatment. 
,. Largest system to date , consists of eight FBRs, four sand and four GAC medi a. Sand and GAC reactors configured 

it! series . Influent water initially flows through sand FBRs 
(removes chlorate, nitrate, and most perchloratc), then through 
GAC units for additional perchlorate removal. Influcnt 
concentrations were initially 2122 pounds/day, full-scale 
system will be - 2400 pounds/day. 

l System is a suspended-growth reactor, using hollow-fiber 
membranes to supply/distribute hydrogen as substrate for 
microbial growth . 

Continuous-Flow Stirred-Tank Reactors. The 
CSTR is a suspended-growth reactor (i .e., maintains 
biodegradative organisms in suspension) that has 
continuous influent and effluent flow (Figure 6-4) . 
The use of a flow-through system differentiates these 

Feed 
Water 

reactors from batch reactor systems, which treat Vanes 
specific volumes of water under static conditions. 
CSTRs have been applied most commonly for the Treated 
treatment of commercial and domestic wastewaters. Water ~ 
These systems are generally best suited for low-flow, 

c :J 

high-strength waste streams. Figure 6-4. General schematic of CSTR. 

Fluidized-Bed Reactors. The FBR is a fixed-film bioreactor that uses a solid media, often sand 
Or GAC, to support microbial biofi lms. FBR media is suspended or "fluidized" by the flow of 
water through the reactor (Figure 6-5) . The up-flow velocity of water is sufficient to overcome 
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the gravitational force on the particles and to achieve a significant expansion (20%-30%) of the 
particles composing the FBR bed. Thc high surface area of the media within the expanded 
reactor bed (essentially the entire surface of the GAC or sand particles is exposed) allows high 

Nutrients 

GAC 
Fluidized

Bed Reactor 

Feed Water 

I--------il Treated 

Separator 
Tank 

Recycled Flow 

Ethanol 

Water 

Figure 6-5. General schematic of a fluidized bed reactor. 

biomass densities to be achieved 
and maintained and subsequently 
reduces reactor size compared to 
more conventional designs. 
Moreover, most commercial-scale 
FBRs are designed with efficient 
biomass control devices that 
prevent the reactor fouling. As 
such, some commercial FBRs 
have been in operation for more 
than 15 years (Hatzinger 2005; 
Sutton and Mishra 199 J; USEPA 
1993; Hatzinger et al. 2000; Polk 
et al. 2002; Beisel, Craig, and 
Perlmutter 2004). 

Packed Bed Reactors. The PBR 
is a fixed-film bioreactor that uses 
a solid media to support 
biodegradative organisms. These 

organisms grow as a biofilm on or within the packing material and degrade aqueous 
contaminants as water moves through the reactor in either an up-flow or down-flow manner. The 
basic reactor consists of a vessel filled with sheet packing, coarse sand, plastic rings, or other 
support media, and all associated pumps and controls to set water flow and to supply necessary 
amendments to the water being treated. The key advantage of fixed-film systems compared to 
suspended-growth reactors is the ability to achieve high concentrations of biomass within the 
reactor, even in the presence of rapidly flowing water. 

At present, there are no full-scale PBR systems treating perchlorate in groundwater or 
wastewater that are fully operational. However, several different researchers have evaluated 
PBRs for this purpose at the laboratory and the pilot scales with flow rates as high as 20 gpm. 
Overall, the testing has shown that this reactor design can effectively remove perchlorate and 
nitrate in groundwater to below the respective MRLs for these contaminants for short periods of 
time. However, the absence of an effective technique to control biomass within these reactors 
has caused questions concerning their long-term operability in the field. With time, biomass 
overgrowth within the PBR can eause channeling through the reactor and a subsequent loss of 
perfonnance due to a subsequent shortening of the hydraulic residence time. Techniques such as 
periodic backwashing have been effective for controlling this problem in pilot-scale units and 
this tcchnique may also be effective at full scale (Hatzinger 2005; Min et al. 2004, Xu et a1. 
2003, Losi et al. 2002, Hatzinger et al..2002). 

Other Bioreactor Designs. In addition to the aforementioned reactors, other biological reactor 
designs have been tested for specific perchlorate treatment applications, including the treatment 
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of perchlorate in drinking water and in ion exchange brine. These include a specialized hollow
fiber membrane reactor and a membrane bioreactor system, which is a suspended-growth reactor 
thaI uses a membrane to separate biomass from effluent water (letting effluent pass through but 
not bacterial solids). These systems arc very different in that the hollow-fiber reactor uses a 
membrane to regulate hydrogen supply, while the MBR uses a membrane to retain biomass 
within the reactor vessel. MBRs have previously been applied at large scale for treatment of 
chemical manufacturing wastes and other concentrated streams, but their application for 
perchlorate treatment has been limited at this point. It is likely that the technology will find a 
niche for low-flow, high-concentration streams, such as that produced during resin regeneration 
(sec Section 6.4). 

6.3.2.2 In Silu Bioremedialion 

As previously noted, laboratory microcosm studies have shown that perchlorate-reducing 
bacteria are indigenous to many soils, sediments, surface waters, and groundwaters. Moreover, 
these organisms can often be stimulated to degrade perchlorate to below detection by adding a 
microbial growth substrate to these environments (Wu et al. 200 I; Hatzinger et al. 2002; Waller. 
Cox. and Edwards 2004; Tan , Anderson, and Jackson 2004). There are 1\>,10 general strategies for 
delivering amendments to the contaminated groundwater-fixed biobarriers and mobile soluble 
amendments. 

Fixed Biobarriers. Fixed biobarriers (Figure 6-6) arc solid or viscous amendments emplaced 
across the flow path of the contaminated 
groundwater and allowing the contaminated 
groundwater to flow to, through, and past the 
fixed amendment. This fixed biobarrier approach 
can use engineered trenches or barriers 
containing solid-phase, slow-release substrates 
(Perlmutter et al. 200 J) or viscous substrates 
emplaced cross gradient via direct-push 
injections (Zawtocki, Lieberman, and Birk 
2004). A number of fixed biobarrier electron 
donors, including vegetable oil, pecan shells, 
chitin, Hydrogen-Release Compound (HRCTM), 
and compost materials have been observed to 
support microbial reduction of perchlorate. The 
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following are three examples of fixed 
biobarriers: Figure 6-6. General schematic of a biobarrier. 

• A barrier at the Naval Weapons Industrial Reserve Plant (NWIRP), McGregor, Texas, is the 
largest installation to date. It consists of a series of trenches (several thousand feet in 
combined length) that contain a mixture of mushroom compost, soybean oil, and wood chips 
as slow-release electron substrates. The shallow trenches (10-25 feet in depth) are cut into 
limestone and designed to capture groundwater and runoff water at the site. Influent 
perchlorate levels as high as 13,000 ppb have been reduced to below detection in this barrier. 
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• The second barrier system_ installed in Mortandad Canyon at LANL, consists of the mineral 
apatite_ a phosphate mineral, to remove various radionuclides from groundwater and a 
mixture of pecan shells and cottonseed as slow-release substrates for the reduction of 
perchlorate and nitrate. 

• The third barrier example is an emulsified vegetable oil injected into a shallow, perchlorate
contaminated aquifer in Maryland to create a passive barrier (Zawtocki , Lieberman, and Birk 
2004) Within 35 days of injection, perchlorate levels had declined from 9,000 J..lg/L to 
< JO ~tg/L within 20 feet of the barrier. 

Mobile Amendments. Mobile amendment 
systems arc characterized by injecting water
soluble amendments with low viscosity into 
the upgradient portion of the plume or source 
area and allowing that amendment to move 
downgradient, treating the groundwater as it 
moves. This technology can be implemented 
by direct-push injections or injection wells, 
Injection strategies dictate the need for 
passive or active treatment. Passive 
treatment (Figure 6-7) requires no extraction 
or recirculation , Active treatment (Figure 6-
~) can usc groundwater extraction and 
reinjection systems to distribute substrates in 
2004; Cox_ McMaster, and Neville 2001) or 
horizontal-flow treatment wells to mix and 
distribute electron donor in groundwater. A 
variety of soluble amendments can be used, 
including but not limited to lactate, ethanol, 
citric acid, acetate, molasses, and com syrup, 
Following are examples of mobile 
amendments, 

• At Indian Head Division Naval Surface 
Warfare Center in Maryland, lactate was 
injected via injection well using the 
passive approach, A buffer was also 
added to the aquifer to increase 

Figure 6-7. Schematic of passive in situ 
bioremediation. 

the subsurface (Hatzinger 2005 ; Cramer et al. 

E5 

Figure 6-8. Schematic of active in situ 
bioremediation recirculation system. 

groundwater pH and enhance the kinetics of perchlorate reduction, Over a 20-week 
demonstration, during which lactate was added as an electron donor, the ' perchlorate 
concentration in groundwater declined by >95% in eight of the nine monitoring wells in the 
field plot from an initial average of 170 mg/L, with five wells reaching < I mg/L during the 
demonstration and two wells declining to below the MRL for the study (5 J..lg/L) during this 
period (Cramer et al. 2004). 

• At Aerojet-General Corp, in Rancho Cordova, California, groundwater was extracted, 
amended with an electron donor (ethanol, lactate, and citric acid were tested), and then 
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reinjected to the subsurface. Several active mobile amendment studies have also been 
conducted at Aerojet-GeneraL the most extensive of which consisted of a groundwater 
extractionireinjeetion system designed to capturc a pcrchlorate plume that is approximately 
600 feet wide (Cox. McMaster. and Ncville 200 I). During this demonstration. ethanol \vas 
uscd as thc electron donoL Perchlorate was rcduced from 8 mg/L to <4 pg/L within 35 fect 
of the groundwatcr reinjection wclL In addition, a pilot study is ongoing at Aerojet-General 
in which horizontal flow treatment wells have been installed to mix to distribute electron 
donors within a perchlorate-contaminated groundwater plume without bringing water to the 
surface. Citric acid is being used as the electron donor for this pilot project. This 
demonstration and several others have been funded by the Environmental Security 
Technology Certification Program (ESTCP, www.ESTCP.org). 

• At the fonner Pacific Engineering and Production Company in Henderson, Nevada, 
GeoSyntech Consulting. Inc. conducted a recirculating in situ pilot study in November 2002 
though May 2003. The pilot study initially included ethanol amendments, which result in 
mineral precipitation and well fouling. This problem was resolved by replacing ethanol with 
citric acid. Perchlorate concentrations were reduced from a range of 510-780 mg/L to a 
range of 0.6--28 mg/L. 

6.3.2.3 Soil Remediation 

Remediation processes for perchlorate in soil, both ex situ and in situ, have focused mainly on 
the applic~tion of bioremediation. Laboratory studies suggest that perchlorate-reducing bacteria 
arc present in most surface soils and that perchlorate bioreduction can be stimulated through the 
addition of appropriate organic substrates to these soils (e.g., Wu et al. 2001, Hatzinger 2002). 
Field-scale treatment of perchlorate-contaminated soils has been performed using in situ and ex 
situ techniques. Insufficient food and moisture appear to be the limiting factors in stimulating 
bacterial reduction of perchlorate in soils. 

ln Situ Soil Bioremediation. In situ treatment has been tested at several sites with near-surface 
perchlorate contamination, including the Longhorn Anny Ammunition Plant (LHAAP) in 
Kamack, Texas, and Aerojet-General Corporation in Sacramento, California. A variety of 
different carbon sources, including various types of manure, ethanol, molasses, and calcium 
magnesium acetatc, have been tested as biological substrates. These amendments were either' 
placed on the surface (followed by soil wetting) or dissolved directly into water prior to 
application. At LHAAP, for example, horse manure, chicken manure, and ethanol were tested as 
soil amendments in small field plots (O'NielI and Nzengung 2003). Up to 99.7% of the 
perchlorate in thc upper 3 fcet of the soil column was remediated in 10 months. Similar results 
were secn at Aerojet's Area 41 site, where cow manure and acetate were used as carbon sources 
for food. 

Ex Situ Soil Bioremcdiation. Ex situ treatment methods have focused on treatment cells using 
anaerobic composting or lincd treatment cells containing excavated soils. These mcthods havc 
been evaluated in pilot- and/or full-scale applications. For composting applications, carbon 
sourccs, water and, in some cascs, bulking agents, are blended with the contaminated soil. In a 
study conducted at Aerojet, perchlorate-contaminated soils were prepared in a 7-foot-diametcr 
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by 5-foot-high compost pile on an impermeable liner. The soil was mixed with carbon 
amendments. wetted, then covered with a plastic tarp to prevent moisture loss and oxygen 
intrusion, Perchlorate levels within the compost pile were observed to decline from 23 mg/kg to 
less than the reporting limit for the study (0.1 mg/kg) within 7 days (Cox et al. 2000). A large
scale soil demonstration was perfonned at the NWIRP McGregor Area M. Approximately 1500 
cubic yards of perchlorate-contaminated soil was excavated and transported to a biotreatment 
cell. The soil was mixed with amendments (citric acid, nitrogen, phosphorus, and soda ash as a 
buffer) and satlirated with water. Perehloratc was reduced from an estimated average of 500 
mg/kg to below the reporting limit (0.1 mg/kg). 

Thermal Processes. Them1al remediation is another process investigated for the remediation of 
perchlorate in soils. Thennal remediation systems generally rely on volatilization or evaporation 
mechanisms as an integral part of the destruction process. In general, these processes can be 
applied to soil contaminated with perehlorate; however, because of cost, many of these should 
probably be considered only when perchlorate-impacted soils are mixed with other hazardous 
and toxic substances, such as explosives, radionuclides, or various metals (Gangopadhyay et al. 
2005). Thermal destruction of perchlorate was tested at MMR and at a Thiokol facility in Utah. 
At both of those sites. the goal was to destroy not only perchlorate but other explosive materials 
as well. The MMR test was perfonned on soils contaminated with perchlorate at up to 100 mg/kg 
using a thermal desorption process operating at temperatures ranging 725"-900°F. Perchlorate 
was reduced to <0.00 I mg/kg. Higher temperatures would be need for concentrations of 
perchlorate> 1 00 mg/kg. 

6.4 Emerging Processes 

Previous sections of this document have given some insight into various processes and 
technologies that have been used effectively to remove or degrade perchlorate from natural 
resources. The emerging processes described in this section are all in the developmental stages. 
To date, the work on the emerging technologies shows great promise for implementation in areas 
where more traditional technologies are not readily implementablc. The new approaches and 
processes described in this section are being investigated and tested but have yet to be applied or 
accepted as viable treatment approaches. The successful development and documentation of 
these approaches will provide remediation practitioners and regulators with additional resources 
for treating perchlorate contamination that will be both innovative and protective of human and 
environmental health. 

6.4.1 Vapor-Phase Electron Donor Injection 

The treatment of contaminated soil using vapor-phase electron donor injection is an emerging 
technology that has been applied in various ways to a number of contaminants that are amenable 
to reductive biodegradation processes. So far the process has been shown to be feasible for some 
types of high explosives (e.g., RDX), some chlorinated VOCs (e.g., perchloroethylene, TCE, and 
diehloroethylene), and inorganic compounds such as nitrate and perchlorate. This process 
involves injection of an inert gas (e.g., nitrogen) and volatile, carbon-based substrate (electron 
donor) to enhance in situ growth of bacteria that use the contaminant as an electron acceptor 
under reducing conditions in vadose zone soils. After oxygen and residual nitrate have been 
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depleted by aerohic and denitrifying microorganIsms. reduction of perchlorate mediatcd by 
naturally occurring pcrchlorate-rcducing bacteria usually occurs. 

Vapor-phase nutrient injection confers important advantages over processes relaying on 
infiltration of liquids. Solutions used for infiltration tend to follow prefercntial pathways as thcy 
migrate downward. Usc of vapor-phase amcndments can rcsult in more uniform distribution of 
amendments within the vadose zone relative to infiltration. Infiltration can result in leaching of 
perchlorate to groundwatcr, whereas vapor-phase injection does not use cnough watcr to cause 
leaching and favors in situ dcstmction. 

This process will hc especially applicable to contaminated areas of the vadose zone that are not 
easily accessible. Ncar-surface soils that are easily acccssible could be excavated and treated via 
an ex situ proccss (see Section 6.3.5). Vapor-phase injection could be applicablc under buildings 
and paved surfaces, around active utility corridors where excavation is not practical, and at 
depths beyond the practical limit of excavation. This type of nutrient injection would generally 
not be practical for ncar-surface soils without the use of an impermeable cover to prevent 
cxchange of oxygen between the atmosphere and the pore space of the soil. 

Several projccts have tcstcd this type of technology. A ficld demonstration for trcatment of 
RDX-contaminated soils was conducted at the DOE Pantex site (Rainwater et al. 2001). A 
commercially available vcrsion of a similar process was developed at Savannah River (Jackson, 
Tan, and Andcrson 2003) and patented by thc DOE and is being adapted for use in treating 
perchlorate-contaminatcd vadosc zone soil at a depth of ~ 1 00 feet. Treatability studics are in 
process, to bc followcd by a pilot-scale installation. Anothcr version of the technology is being 
dcveloped by Camp. Drcsser & McKec, Inc.; a funded ESTCP proposal to tcst this process is 
titled "In Situ Biorcmediation of Perchlorate in Vadose Zonc Soil using Gaseous Electron 
Donors." 

6.4.2 Phytoremediation 

Perchlorate remediation by plants has been investigated at a research level. This work has 
considered the possibility that natural plant processes, with or without the participation of soil 
microorganisms, may be able to remove perchlorate from the environment. Plant root system 
processes involving watcr and nutrient uptake may remove, sequester, or degradc perchlorate 
dissolved in soil moisture or flowing groundwater. This technology is anticipated to be most 
applicable to surfacc soil contamination, shallow groundwater contamination, or surface runoff 
However, with the possibility for perchlorate accumulation in plant tissues, it is unclear whether 
phytoremediation technologics will provide any significant advantages compared to more 
traditional bioremediation approaches using substrate amendments. The rate at which the plants 
become establishcd and phytorcmediation trcatment occurs may also be a consideration 
(www.hqafcee.brooks.afmil!products/techtrans/phytorem.asp). 

6.4.3 Constmctcd Wctlands 

Constmcted wetlands have been used for decadcs for the managemcnt and trcatment of many 
wastewaters, including municipal wastewaters. acid mine drainage, agriculture, petrochemical 
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and textile industries, and stom1 water (Kadlcc and Knight 1996, Moshiri 1994, Hammer 1990), 
However, constructed wetlands are increasingly being used for the remediation of groundwater 
or surfaec water impacted by industrial chemicals and wastes such as landfill leachate 
(Mulamoottil. McBean, and Rovers J99f\) and explosives such as TNT or RDX (Best et aL 
1998). 

Treatment of perchloratc by constructed wetlands is a potentially cffective remediation method 
due to the following conditions: the reducing conditions of wetland soil/sediment, the high 
biological activity of wetland soil/sediment in tenns of microbial diversity and numbers, the 
availability of a variety of dissolved carbon sources, the ability of plants to uptake and transfonn 
perchlorate, and the ubiquity of bacteria which degrade pcrchlorate. Biological methods such as 
constructed wetlands treatment arc particularly attractivc since they cost-effectively destroy 
many contaminants, perchlorate included, rather than merely transferring them to another media 
(e.g., impacted resin or brine) 

6.4.4 Nanoscale Bimetallic Particles 

With diameters on the order of 100-200 nm, nanoscale bimetallic (iron [Fe ]/palladium [Pd]) 
particles (nanopartieles) havc large surface arcas and surface reactivity to rapidly degrade redox
amenable contaminants such as chlorinated solvents and perchlorate. In addition, these particles 
can be effectively delivered to the subsurface. Laboratory research has reportedly shown that 
nanoscale iron particles are effective reductants and catalysts for a wide variety of contaminants, 
including perchlorate (Zhang 2003). 

6.4.5 Titanium" Chemical Reduction 

Georgetown University has developed a technique using titanous ions (3+) to chemically reduce 
perchlorate. Several new organic ligands have been developed that have been shown to catalyze 
reduction of perchlorate by titanous ions (3+) to titanium dioxide and chloride in acidic aqueous 
media. A preliminary patent application has been filed for this process. 

6.4.6 Zero-Valent Iron Reduction under Ultraviolet Light 

Gurol and Kim (2000) investigated chemical reduction of perchlorate using iron and iron oxide 
under various conditions. The main result of their investigation was that the addition of metallic 
iron (100 giL) combined with exposing thc solutions to ultraviolet light at wavelengths <185 nm 
achieved 77% reduction in perchlorate and an intensity of 0-9 W/cn/. A patent (#6,531,065) 
was issued for this technology in 2003, and a field demonstration program is currently being 
planned to develop a commercial prototype. The large concentrations of iron needed to make this 
reaction effective, however, may cause this method to become impracticable due to the potential 
for fouling, which will in turn inhibit effective ultraviolet exposure. 

6.4.7 Electrochemical Reduction 

A bench-scale study of electrochemical reduction of perchlorate was conducted using two
chambered batch reactor systems. An ion exchange membrane separated cathodic and anodic 
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compartments, and electrodes consisted of titanium coated with a thin film of titanium dioxide 
particlcs. Initial perchlorate concentration ranged 50 -SOO mg/L. Perchlorate reduction was 
limitcd due to the competition among anions for active sites on the electrode surface, with 
perchlorate being less strongly adsorbed than both sulfate and chloride. The time required for 
ions in the water to travel to the electrode Surf~ICC is a design concern in developing a practical 
full-scale system. 

6.4.8 Capacitive Deionization 

This technology, patented in 1995 by Lawrence Livennorc National Laboratory, relies on the 
;;eparation of ions from solution by applying an electric field between carbon-aerogel electrodes. 
The cations and anions are eleetrosorbed onto the carbon aerogel of the cathode and anode, 
respectively. Regeneration is accomplished by electrically discharging the electrodes and yields 
a stream of purified water and a concentrated rcject stream similar to membrane and ion 
exchange processes. In the case of perchlorate removal. the concentrate solution will require 
further treatment (e.g., via catalytic or biological reduction) before it can be discharged. A 
limitation of capacitive dcionization is that thc sorption capacity of the carbon-aerogel anodes 
decreases with the size of the ion. In the case of perchlorate, a relatively large monovalent anion, 
the electrosorption capacity is less than the capacity for chloride (Farmer et al. 1996). 

6.4.9 Reverse Osmosis 

In the reverse osmosis process, the influent stream is driven, under pressure, through a 
semipermeable membrane that docs not allow the contaminants to pass. In this case, the 
perchlorate is removed from the process in a concentrate or brine, which requires further 
treatment or destruction. The lack of ionic selectivity in the semipermeable membrane can alter 
the pH of the effluent stream and make it corrosive. Membrane resilience may also be a 
perfonnance issue in treating perchlorate. 

6.4.10 Electrodialysis 

Within the electrodialysis process, water is passed through flow channels of alternating 
semipermeable and penneabIe membranes (for either anions or cations) while a direct current 
voltage potential field is applied across the membranes. As the influent feed flows through the 
flow channels between the membranes, the direct current voltage potential induces the cations to 
migrate towards the negatively charged anode through the cation-transfer membrane. 
Simultaneously, the anions migrate toward the positively charged cathode through the anion
transfer membrane. Electrodialysis also produces a contaminated brine waste by-product, the 
treatment or destruction of which is an important design consideration. 

6.4.11 Monitored Natural Attenuation 

There is extensive documentation that perchlorate is biodegradable under anaerobic conditions 
and can be expected to naturally attenuate in some aquifers. Currently, there is no conclusive 
evidence for natural attenuation of perchlorate, but studies arc under way to document the rate 
and extent of natural attenuation at selected sites (Liebennan, Knox, and Borden 2005). Without 

70 



11.4095 

ITRC - Pcrchlorate: O\cnicw oflssucs. and Rcmcdi,d i\(tions 20()S 

clear, convincing evidence for the natural attenuation of perchlorate. there may be a tcndency to 
push for aggrcssive remediation approaches \vhenevcr perchlorate is dctected. While aggressive 
remediation is warranted at some sites. there may be othcr sites where monitored natural 
attenuation is an appropriate approach. 

6.4.] 2 Nanofiltration/Ultrafiltration 

Nanofiltration and ultrafiltration are membrane treatment technologies like reverse osmosis. In 
these technologies, the synthetic porous material of membranes acts like a shield, preventing 
particles of a defined size or larger from passing .through. A water pressure higher than that used 
with other methods of filtration then pumps water through the membrane. Membranes are 
classified by the size of particle that the membrane removes (A WW A 200 I). These membrane 
filtration technologies have high energy requirements and produce brines equal to 20% of the 
volume of groundwater treated. The brine contains high TDS and perchlorate concentrations that 
require treatment or further disposal. The American Water Works Association is currently 
funding ongoing research to investigate the feasibility of membrane filtration technology for 
perchlorate removal in water sources of different quality. 

6.4.l3 Catalytic Gas Membranc 

This emerging technology, which is in the carly stages of development. is based on the fact that 
reduction of perchlorate by hydrogcn is thennodynamically favorable. Howcver, the rcaction is 
kinetically very slow in dilute solutions at relevant groundwater temperatures due to the high 
activation energy required to initiate the reaction. Use of a proper catalyst is thus necessary to 
facilitate perchlorate reduction in a time frame that would be potentially useful in a water or 
waste stream treatment scenario. Catalytic gas membrane techniques may eventually be useful 
for the removal of perchlorate from water; however, convincing data are currently lacking. Work 
is ongoing to find and coat an effective catalyst onto the outer surface of an inorganic membrane 
such as stainless steel or carbon materials. The membrane system is envisioned as a tubular 
configuration in which hydrogen gas would be purged into system. The. action exhibited by the 
catalyst on the membrane surface would bring about the reduction of perchlorate by hydrogen. 

6.5 Technology Summary 

This section briefly touched upon the current state of perchlorate remediation technologies. To 
date, perchlorate remediation has focused primarily on groundwater cleanup with ion exchange 
technology and ex situ bioremediation and on a pilot-scale in situ bioremediation. Full scale in 
situ bioremediation systems are likely to be implemented at specific sites by the time this 
document is published. A number of remediation technologies for both soil and water have been 
implemented at only bench and pilot scale and have yet to be used as full-scale remediation 
systems. 

The technology and regulatory guidance document to be completed by the ITRC Perchlorate 
Team will discuss in detail the remediation technologies touched upon in this review and include 
various case studies as well as any new information since the finalization of this document. 
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MANUFACTURED PERCHLORATE COMPOUNDS 

The vast majority of manufactured pcrchlorate compounds (>99% of production) consist of thc 
following four chemical specics: 

• ammonium perchlorate 
• sodium perchlorate 
• potassium perchlorate 
• pcrchloric acid 

Other much less common, even rare, manufactured specialty perchlorate compounds (list not 
comprehensive) include the following: 

2, 2', 2"-terpyrine perchlorate 
acetylcholine perchlorate 
aluminum perchlorate, hydrated 
barium perchlorate, anhydrous 
barium perchlorate, hydrated 
bismuthyl perchlorate monohydratc 
cadmium perchlorate 
ceric perchlorate, solution (perchlorato-ccric acid) 
cerous perchlorate, hydrated 
cesium perchlorate 
chromium perchlorate, hydrated 
cobalt perchlorate, hydrated 
cupric perchlorate, hydrated 
dysprosium perchlorate, hydrated 
erbium perchlorate, hydrated 
europium perchlorate, hydrated 
ferric perchlorate, hydrated, yellow 
ferric perchlorate, non-yellow 
ferrous perchlorate 
gadolinium perchlorate, hydrated 
gallium perchlorate, hydrated 
holmium perchlorate, hydrated 
indium perchlorate, hydrated 
lanthanum perchlorate, hydratcd 
lead perchlorate solution 
lead perchlorate, trihydrate 

lithium perchloratc, anhydrous 
lithium perchlorate, hydrated 
magnesium perchloratc, anhydrous 
magnesium perchlorate, hydrated 
mercuric pcrchloratc, trihydrate 
mercurous perchlorate, hydrated 
neodymium perchlorate, hydrated 
nickel perchlorate, hydrated 
praseodymium perchlorate, hydratcd 
rubidium perchlorate 
samarium pcrchlorate, hydrated 
scandium perchlorate, hydrated 
silvcr perchlorate, anhydrous 
silver perchlorate, hydrated 
strontium perchlorate, hydrated 
terbium perchlorate, hydrated 
tetrabutylammonium perchlorate 
tetraethylammonium perchlorate 
tetrahexylammonium perchloratc 
tetramethylammonium perchlorate 
thulium pcrchlorate, hydrated 
trimethylammonium perchloratc 
ytterbium perchlorate, hydratcd 
yttrium perchlorate, hydrated 
zinc perchlorate, hydratcd 
zirconyl perchlorate, hydrated 

Source: GFS Chemicals, Inc. Web site. Available at 
www.gfschemicals.com/productcatalog/Pcrchlorate Compounds.asp 
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HISTORICAL AND CURRENT SOURCES AND USES OF PERCHLORATE 

.- _~ __ - ~_ - ~_ .......... ...- __ __ ....... _______ • __ _ / ....... F 

Analysis Reagent in 

• assaying various alkaloids, such as morphine, codeine, and cocainc: 

• carrying out Kjcldahl digestions for the determination of the nitrogen 
content of various products; 

• detcnnining potash in various products by the fonnation of an insoluble 
potassium perchlorate; and 

• effecting electroanalysis (uscd for the purpose of destroying the organic 
mattcr contained in thc pJoduct that is to be analyzed). 

Chemical • Oxidizing agent in making inorganic chemicals, intem1ediates, organic 
chemicals, phannaceuticals, synthetic aromatics 

• Starting point in making various salts 
Explosives • Manufacture of matches 

• Reagent in making explosive compounds, such as the perchlorated 
esthcrs of monochlorohydrin 

Metallurgical • Ingredient oflead-plating baths (uscd for the purpose offacilitating the 
deposition of lead from baths containing lead pcrchlorate) 

Phannaceutical • In compounding and dispensing practice 
Source: Uses and Applications of Chemicals and Related Materials, Vol. I (Gregory 1939). 

- ---- -- ~ ~-Table D-2. U f - - - - - hi ----- -:::....::::..--._------ . 1944 
~-~ 

Analytical • Oxidizing agent in analytical processes 

• Reagent in analytical processes 
Chemical • Ingredient of catalytic mixtures used in making ammonia 

• Oxidizing agent in chemical processes 

• Starting point in making perchlorates 
Explosives and • Constituent of detonating compositions and flare compositions 
matches • Matchhead compositions 

• Perchlorate cxplosives-primer compositions; pyrotechnic 
compositions; railroad signal (fuse) compositions; and smoke-producing 
compounds 

Fuel • Constituent of briquet ted fuel binder compositions bascd on such 
matcrials as coal, coke 

• Charcoal, lignite, bituminous dust, breeze, tar,pitch, and the like I 
Metallurgical • Constituent of brazing fluxes, welding fluxcs I 
Miscellaneous • Constituent of chemical heating compositions 
Pharmaceutical • In compounding and dispensing practice 
Photographic • Oxidizing agent in photographic processes 
Source: Uses and Applications of Chemicals and Related Materials, Vol. II (Gregory 1944). 
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Table D-3. Current perchlorate commercial and industrial uses 
Production of matches 
Air bag initiators for vehicles 
Nuclear laboratories in actinide research 
Chemical laboratories in analytical testing, desiccant oxidizing agent, and 
digestion (perchloric acid) 
Engine oil testing to detem1ine base number (BN) ASTM D2896 
Some electroplating operations 
Electromachining, sodium perchlorate solution 
Electropolishing operations with perchloric acid 
Lithium-magnesium dioxide batteries as gart of electrolyte 
Rare-earth extractive metallurgy using perchloric acid 
Etching brass and copper with perchloric acid 
Paints and enamels i 

Bleaching agent to destroy dyes 
Photography as flash powder 
Incidental by-product in some sodium chlorate, which itself has many L1ses, 
including weed killer or herbicide and defoliant in agriculture and as chemical 

! building block 
. Oxygen generators 
Road flares 
Ejection seats 
Propellant in model rocket engines 
Propellant in rockets used for research, satellite launches, and space shuttle 
Some explosives in construction, mining and other uses 
Fireworks 
Perehlorie acid production and its many uses 
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Table D-4. Application of perchloric acid in analvtical chemistry . 
As a solvent for mctals and alloys 
As a dehydrating agent. particularly in thc dctennination of silica in iron and steel and in cement 
and other silicate matenals 
As an oxidizing agent, especially in the determination of chromium in steel, ferrochrome, 
chromite. leather, and chromatized catgut 
In combination with nitric acid for the destruction of organic matter, especially in preparation for 
the detemlination of calcium, arsenic, iron, copper, and other metals in such materials; also in the 
detemlination of sulfur in coal and rubber 
As a solvent for sulfide ores for the detennination of copper and other metals 
In the separation and determination of the alkali metals, sodium, and potassium 
In combination with hydrochloric acid in the separation of chromium from other metals by 
distillation of chromyl chloride 
In the isolation of fluoride prior to its detenninatiol1, by distillation as hydrofluosilicic acid 
As an adjunct to increase the reduction potential of cerate salts in volumetric analysis 
As a primary standard acid--perchloric acid, when distilled in a vacuum at a carefully regulated 
pressure of 7 mm, has exactly the composition of the dihydrate, 73.6% HCI04 

Indirectly in the manufacture of anhydrous magnesium perchlorate, the best of the absorbents for 
water in anal}':tical work 
As a strong. standard acid for the titration of bases 
As the strongest of the strong acids when dissolved in anhydrous acetic acid for the titration of 
bases in nonaqueous solvents 
Mixtures ofperchloric acid dihydrate with nitric acid or sulfuric acid, or of these three acids 
together, are employed extensively in analytical procedures for the destruction of organic matter 
preparatory to the detemlination of metallic and nonmetallic ingredients. Such proccdures include 

• detemlination of sulfur in coal, coke, and oils; 

• determination of iron in wine, beer, and whiskey: 

• detemlination of chromium and of iron in leather and tanning liquors; 

• detennination of phosphorus, alkali metals, lead, and other ingredients; and 

• analysis of blood for calcium and of urine for lead. 

Mixtures ofperchloric and phosphoric acids or perchloric and sulfuric acids are superior solvents 
for refractory oxides, stainless steel, and other high-melting ferrous alloys, as well as ores and 
minerals 
A solution containing perchloric acid dihydrate dissolved in acetic acid is commonly used as a 
standard solution for the titration of organic bases in nonaqueous solvents. 
Source: GFS Chemicals, Inc. Web site. Available at 
www.gfschcmicals.com/productcata 10 glPerch lorate Compounds .asp 
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Table D-5. Commer'cial applications of perchloric acid and perchlorates 
Perchloric acid as catalyst in broad range of diverse reactions: acetylations, acylations, 
alkvlations, chlorinations, polymerizations, esterifieations, and hydrolyses 
Estenfications of cellulose to Qroduce cellulose acetate 
Polymerizations of phenols with fonnaldehyde 
Polymerization of styrene 
Electrolytic solutions for the purpose of electropolishing, electromachining, and electrothining of 
metal parts, films, and alloys 
Perchlorie acid employed as electrolyte in anodization of metals to jlrodllCe noncorroding surfaces 
Pickling and passivation of iron and steels 
Dissolvinl! refractory substances such as titanium slags, copper-yttrium oxide, and metal fluorides 
Lithium perchlorate as an electrolyte in voltaic cells and batteries involving lithium or lithiated 
anodes, nonaqueous solvents or polymeric films, and manganese dioxide or other transition 
metal oxides 
In nonaqueous systems, zinc perchlorate and magnesium perchlorate serve as electrolyte for zinc 
and magnesium batteries, respectively 
Perchlorate salts serve as electrolytes in electropolymerization reactions involving monomers 
such as aniline, benzidine, azulene, biphenyl, divinylbenzene, and indole 
As aqueous electrolytes perchlorates are found in electrochromic devices and employed for 
anodic dissolution of difficultly oxidizable metals, such as lead and palladium 
Perchlorate salts as dopants in plastics and polymers to impart antistatic and conductive,properties 
Perchlorate salts as dopants in polyvinyl chloride to improve heat stability and fire retardation 
characteristics 
Lithium perchlorate as dopant in thin films of polymers such as polyethylene oxide, polyethylene 
glycol, or poly (vinylpyridine) to impart conductive properties in various electrochemical 
devices 
Anhydrous magnesium perchlorate as a desiccant or drying agent for industrial gases and other 
similar applications 
Source: GFS Chemieals, Inc. Web site. Available at 
www.gfschemicals.comiproductcatalog/Perchl orate C ompounds.asp 

Table D-6. Perchloric acid uses 
In detemlining the trace metals present in oxidizable substances 
As a laboratory reagent 
As an oxidizing agent 
For the destruction of organic matter 
As a dehydrating agent 
As starting material for the manufacture of pure ammonium perchlorate and in the production of 
high-purity metal perchlorates 
As a stable reaction medium in the thennocatalytic production of chlorine dioxidc 
As an acetylation catalyst for cellulose and glucose 
In the preparation of ccllulose fibers 
For fluoride detemlination 
As an ingredient of electrolytic bath in deposition of lead 
In the electropolishing of metals 
Source: CHEMINFO Web site (Canadian Centre for Occupational Health and Safety 2003). 
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APPENDIXE 

Perchlorate-Containing Materials and 
Activities or Industries that Use Perchlorate 



PERCHLORATE-CONTAINING MATERIALS AND 
ACTIVITIES OR INDUSTRIES THAT llSE PERCHLORATE 

11.4107 

Note: As part of developing best management practices for perchlorate materials, which arc 
required by AB 826 the Perchlorate Contamination Act California Department of Toxic 
Substances Control compiled the following list of materials that contain perchlorate and 
activities or industries that use perchlorate: 

• Adhesive--Steel plate bonding may contain perchlorate 
• Batteries-Li-lon{' 
• Cathodic protection systems~-May contain perchlorate 
• Chemistry-Analysis, desiccants. feedstock. oxidizing agent 
• Chemistry-Brine separation may contain perchlorate 
• Chlorate/chlorite manufaeturing--May contain perchlorate 
• Clandestine methamphetamine labs-May be contaminated by perchlorate from dissolving 

flare striker caps to obtain red phosphorus 
• Cloud seeding 
• Coatings-Enamel paint may contain perchlorate 
• Dielectric for transformers-May contain perchlorate 
• Electroplating-May contain perchlorate 
• Electropolishing 
• Explosives~-Military 

• Explosives--Geoseismic, nitrate-based may contain perchlorate 
• Evaporites-May contain perchlorate 
• Fertilizer-Some contain perchlorate (Bulldog Soda from Chile) 
• Flares/fuses 
• Gas generator-Airbag. ejection scat 
• Gas generator-Aircraft oxygen 
• Laboratory-Rocket motor, ordnance testing 
• Laundry bleach-May contain perchlorate 
• Nitric acid manufacturing-May contain perchlorate 
• Pharmaceutical-Diagnosis. treatment 
• Photography-Flash powder and possibly other uses, potassium 
• Pool sanitizer 
• Pool shock-May contain perchlorate 
• Propellant-Chemical cutter 
• Propellant--Ordnance (gunpowder), tracer bullets (red phosphorus) may contain perchlorate 
• Propellant--Solid rocket motor, ammonium perchlorate 
• Pyrotechnics (fireworks) 

" Lithium battery types include lithium~mangancse dioxide. lithium~sulfur dioxide, and Iithium-thionyl chloride. The anode is 
composed of lithium and the cathode is composed of manganese dio"ide (or sulfur dioxide, or thionyl chloride). The electrolyte 
of the lithium-magnesium dioxide battery. is composed of an organic solvent (propylene carbonate and 1,2 dimcthoxyethanc) 
solution of lithium perchlorate. In the case of the lithium-sulfur dioxide. the electrolyte is also an organic solvent (acetonitrile) 
solution with lithium-bromide. Lithiurn-thionyl chloride batteries havc a nonaqueous thionyl chloride solution containing lithium 
aluminum chloride. Lithium-sulfur dioxide batteries contain pressurized sulfur dioxide gas and lithium-thionyl chloride batteries 
contain lithium thionyl chloride which vaporizes upon exposure too Hlr. both of which arc highly toxic. 
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• Regenerablc drying agent for gases---Magnesium 
• Safety matches--May contain perchlorate 
• Well drilling-Penneability aid. may contain perchlorate 

Previously reported to contain perchlorate but recent research shows docs not contain 
perchlorate: 

• Aluminum refining-Aluminum electropolishing only 
• Animal-fattening agent-Icc cream butterfat analysis. Feedlot contamination 
• Electronic tubes-Electron tube with contaminant found on it at military base 
• Leather tanning-HCI04 used to digest leather samples for chromium content 
• Lubricating oil additive--Antioxidants added: fluorocarbon lubricating oils compatible with 

perchlorate pumping 
• Nuclear reactor-Nuclear warheads on rockets; uranium analytical chemistry 
• Synthetic rubber-Rubber as binder in rocket motors 

Source: California Department of Substances Control Web site: www.dtsc.ca.gov. 
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APPENDIX F 

Remediation Technology Applicability Matrix 



REMEDIATION TECHNOLOGY APPLICABILITY MATRIX 

The Remediation Technology Applicability Matrix provides a summary of the technologies available as of December 2004. The 
matrix thus represents a "snapshot in time" of what technologies were being employed for the removal and treatment of perchlorate. 
The matrix contains information on the type of process, scale, throughput, treatment effectiveness, media, residuals, location and the 
vendor implementing the project. The information in this section was developed from reports, presentations, and state and federal 
summaries of technology developments. 

Technology & Vendor Name/Pro.iects Throughput 
Treatment 

Media Residuals 
E ffectiven ess 

BIOLOGICAL PROCESSES 

Ex Situ Bioremediation 

Applied Research Associates, Inc.-Custom-designed biological treatment systems. 

Thiokol. Brigham City, Utah---Full scale, operational: Continuously 3 gpm, >5,000 mg/L to 4 Wastewater Biological oxygen 
stirred tank reactor (CSTR) biological system has operated continuously ~IWOO Ib!1l1onth 400 pg:iL demand (BODI, total 
since 12/97 to treat industrial wastewater prior to discharge to seWer to of ammonium suspended solids (TSSl. 
treat waste stream high in salts (>2%) and nitrate. Initial pilot-scale work and potassium nitrogen, pho:;pi1orolls. 
was perfolllled by the Air Force Research Laboratory at Tyndall AFB. perchlorate total organic carbon 
Florida. Cost: SO.02/gal (TOe). pH, turbidity. 

and dissoh'cd Llxygen 
Hodgdon Powder Company. Kansas-- -Full scale, operational: Wastewater 3 gplll 1.000 5,000 mg/L Wastewater (DO) may need tn he 
containing 1.0005,000 mg/L perchlorate and 200-4,000 Illg/L to <20 pg/L monitored at c /'fluent. 
nitrate/nitrite is being treated down to a method reporting limit for repol1ing limit (RL) Requires treatment or 
perchlorate of 20 pg/L. Cost: SO.02/gal high salt effluent. 

American Water Works Association Research Foundation (A WWARF)- 1 gpm 3·4 mgiL to 50 pg!L Wastcwater Sulfate huilds up in 
sponsored projcct, La Puente. Califomia·- Pilot scale, completed: Mobile RL (drinking water brine and eventually 
system treats up to I gpm di luted (2% -3% salt) waste ion exchange brine plant brine) must be disposed. 
containing J 4 mg/L perchlorate and 2 3000 mg/L of nitrate. 

Water utility sponsored project. La Puente, Califomia---Pilot scale, under 0.1 gpm I J 4 mg/L to '0 ,!g/L Wastewatcr Sulfate builds up in 
way: Mobi Ie system trcats up to I gpm concentrated (6%--7% salt) brine RL (drinking water brine and evcntually 
containing 3-4 mg/L perchlorate and 2 -3000 mg/L nitrate. plant brine) must be disposed. 

'----
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Technology & Vendor Name/Pro,iects Throughput 
Treatment 

Media Residuals 
Effectiveness 

Bench-scale testing at ARA---Bench scale: Reactor operated as both a fixed- To <20 ftg/L Wastewater (RO 
film process and a suspended-growth CSTR process for a patented full-scale rejectate) 
process on 5x and lOx reverse osmosis (RO) rejectate containing high total 
dissolved solids (TDS) and up to 10 mg/L ofperchlorate. 

Kerr-McGee, Henderson, Nevada---Designed: Based on treatability 825 gpm 400 mg/L to Groundwater 
studies, ARA with Biothane Corporation designed an 825 gpm suspended- <4 ~lg/L 

I growth. CSTR biological treatment plant to treat 400 mg/L (-4000 Ib/day) 
of perchlorate to below 4 ~lg/L. (Not selected due to higher capital costs.) 

Biologically Active Carbon (BAC)/University of Illinois at Urbana-Champaign and the Metropolitan Water District of Southern California (MWDSC) -
A WW ARF-funded bench- and pilot-scale tests indicate that BAC filtration can effectively remove low levels of nitrate and perchlorate under anaerobic , 

conditions with the addition of an electron donor. Nitrate reduction can also enhance perchlorate reduction kinetics, making BAC filtration particularly 
attractive for combined nitrate-perchlorate remediation. Carrollo Engineers conducted additional pilot testing based upon the work of the University of TIlinois. 

Pilot scalc Drinking water Biosolids 

Castaic Lakc Water Agency, Santa Clarita, California--Pilot scale, complete: 175- 50 to <6 ppb Drinking water Biosolids 
Packed-bed bioreactor used acetic acid as electron donor. Submitted for 5.2 gpm/cubic 
conditional approval for use on drinking water system. Perchlorate was spiked ft 
into the influent water at a concentration of 50 ppb. Granular activated carbon 
(GAC) was found to be the most effective media because it allowed best I 

growth of microorganisms and it has the potential for low-level perchlorate 
removal. 

EcoMat Hall Reaetor---This patented reactor provides an efficient circulation pattern and uses a floating porous media, Ecolink, which has a very high surface 
area--to--volume ratio. Ecolink is a polyurethane-based sponge that is cut into 1 em cubes. The dense biological growth supported with this system reportcd to 
provide high efficiencies with lower reactor volumes. 

Department of Defense (DOD) faci lity, southern California--Commercial. -2 gpm 300 41 0 ~lg/L to Grollndwater Biosolid, 
completed: i\ 200 L capacity, two-stage biological system consisting of <4 ~lgiL 
the Hall reactor and a deacmtion chamber mounted 011 a 4 ft x 4 ft skid 
was used treat perchlorate-contaminated groundwater stored in two 20,000 
gal Baker tanks. Methanol was used as the electron donor. Cost: 
50.5011 000 gal. ~ 
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Technology & Vendor Name/Pro.jeets Throughput 
Treatment 

Media Residuals 
Effectiveness 
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Pilot test Pilot scale, planned: Funded by the California State University, Groundwater N 

San Bernadino, Office of Technology Transfer and Commercialization 
Initiative to be conducted in the Rialto Area. 

Foster Wheeler 

NASA Jet Propulsion Laborntory (JPL), Pasadena, Californin--Pilot-seale 2 gpm 0.42 rng/L to Groundwnter Biosolids 
. pneked-bed bioreactor (PBR), completed: Assisted by Navnl Fncilities <4 ~lg/L 
i Engineering Service Center, NASA managed pilot tests conducted on 
several different reactors. Results as of 05/0 I on the PBR indicate reactors 
cnn successfully treat low concentrations of perchlorate. 

NASA JPL, Pasadena, California-Pilot-scale dynamic suspended bed I gpm 6 mg/L to <4 Jlg/L Groundwater Biosolids 
bioreactor (DSBR): Assisted by Naval Facilities Engineering Service 
Center, NASA mannged pilot tests conducted on the DSBR in 2002. The 
DSBR was designed to provide improved flow characteristics (by using 
different media for bacterial attachment with less surface aren and greater 
pore volume and allowing for limited bed flux and expansion in the 
reactors) than those used in the PBR above. 

Hollow-Fiber Membrane Biofilm Reactors-Patented hollow-fiber membrane biofilm reactor uses hydrogen as the electron donor to biologically degrade 
perchlorate. Hydrogen gas is fed to the inside of the membrane fibers, and the hydrogen diffi.lses through the membrane walls into the contaminated water thnt 
flows past the fibers. A biofilm on the exterior surface of hollow-fiber membranes houses microbes that act as catalysts by transferring electrons from supplied 
hydrogen gas to an oxidized contaminant. 

La Puente, Califomia-- Pilot scale: Northwestern University, the technology 1.5 gpm 60 pg/L to <6 ~lg/L Drinking watcr Biosolids 
dcveloper, tenmcd with Montgo1l1ery-Watson-Harza Engineers, Inc. to 
conduct a pilot study treating groundwnter with perchlorate nnd nitrate 
initiated in 2002 and continuing through 2003. Results indicate the biofilm 

I reactor can effectively treat 1.5 gplll to remove both perchlorate and nitrate. 
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Technology & Vendor Name/Pro,iects Throughput 
Treatment 

Media Residuals 
Effectiveness 

ICBM System Program Office- -Demonstration of anaerobic percolating biofilters funded by Environmental Security Technology Certification Program 
(ESTCP). 

Hill AFB. Utah--Pilot scale. planned: Applying the principle of anaerobic Wastewater 

perchlorate reduction in a reactor configured as a hybrid between a 
. multimedia filter and a conventional leach-bed reactor. The system 
! includes a contact chamber where the electron donor is added to the 
wastewater and a fixed-film biofilter that serves as the reactor where 
perchlorate biodegrades. The reactor packing consists of gravels, sand, and 
peat in grading sizes over the filter depth. Limestone gravel can be used to 
buffer the system against pH changes in low alkalinity soils. The biofilter i 

is designed to prevent filter desiccation and oxygenation between loadings 
so that the anaerobic organisms remain viable. 

Pennsylvania State University-Anaerobic PBR filled with sand and plastic media fed with acetate and nutrients; hydrogen reactors. 

Crafton-Redlands Plume, Redlands, California-Pilot and lab scale: 70 ~lg/L reduced to Drinking water 
Funded by A WW ARF, PSU is conducting anaerobic PBR tests, one with <4 ~lg/L 
sand and one with plastic media. Initial results show both reactors with 
acetate and trace nutrient additions capable of reducing concentrations of 
70 ~lg/L perchlorate to less than 4 ~g/L. Plior to the pilot-scale tests, PSU 
conducted perchlorate degradation studies in laboratory-scale reactors 
evaluating both acetate-fed PBRs and hydrogen reactors. 

Shaw (Envirogen)/U.S. Filter-Envirex fluidized-bed reactors (FBR) with GAC media-Typically, ethanol or acetic acid is used as the electron donor. 

Aerojet, Rancho Cordova, Califomia----Full scale, operational: Four FBRs 5300 gpm Can reliably treat Groundwater, Biosolids that slough 
with GAC media and ethanol feed as the food source have been in relatively high or wastewater. off the FBR arc trapred 
operation since 1998. The system was designed to treat 8 mg/L of low concentrations surface water, ill the sand filters, 
perchlorate with a perchlorate loading of 44 Ib/day per 1000 cubic ft of to below the 4 pg/L drinking water which arc periodically 
reactor volume. Total throughput design capacity of 4000 gpm, but detection limit (DL) backwashecl. BlOsolids 
processing 5300 gpm as of 10/03. The Aerojet System is based on pilot- from fi Iters and 
scale laboratory testing llsing a 30-gpm FBR developed by U.S. Filter and back\\'<lsh <lIT 

Envirogell. The pilot-scale FBR also successfully reduced high d i,ch::trged to the 
concentrations of chlorate (480 mg/L) and nitrate (20 mg/L). I sanitary sewer 
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Technology & Vendor Name/Pro.iects Throughput 
Effectiveness 

Media Residuals 
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Longhorn Army Ammunition Plant (LHAAP), Texas-Full scale, 35 gpm 35 pg/L to <5 pg/L Groundwater ~ 

operational: FBR with carbon media and acetic acid/nutrient additions 
treats groundwater with perchlorate concentrations up to 35 mgiL to below 
5 ~lglL. Acetic acid and nutrient additions. $650K capital cost, S25K 
operation and maintenance (O&M) cost. 

NASA. JPL, Pasadena, Califomia--Pilot scale, completed: Pilot test 5 gpm 350770 Ilg/L to Groundwater Elevated natural 
completed with FBR using native "JPL bacteria" and ethanol as the food <4 ~lg!L chloride levels required . 
source. a variance for I 

reinjection. 
I 

NASA, JPL, Pasadena, CaIifomia----FuIl scale, under way: In the source 250 gpm Groundwater I 

zone of Opcrating Unit I. Influent perchlorate concentration is 7- I 5 ppm. 

Kerr McGee facility, Nevada---Full scale: FBR system with four sand- 900 gpm 350 ppm to < I 8 ppb Groundwater, 
media primary reactors and four carbon-media secondary reactors will pemlit limit for surface water 
replacc the single-pass ion exchange resin systems. The primary reactors discharge: limit may 
biodegrade the high chlorate and nitrate concentrations to allow the bc > 1 8 ppb due to 
secondary reactors to treat the perchlorate. Denatured alcohol will be used high concentrations 
as the electron donor. The system is currently in start-up mode and is ofTDS and sulfate 
expected to treat a blended influent from the three well fields averaging concentrations that 
350 ppm perchlorate. result in higher RLs. 

Massachusetts Military Reservation, Massachusetts (MMR)- 1 00 ~lg/L Groundwater 
Laboratory/pilot scale, completed: FBR to treat perchlorate and RDX with perchloratc to 
different electron donors. Influent concentrations were perchlorate <4 Ilg/L with acetic 
I 00 ~lg/L, RDX 200 ~lg/L, HMX 20 ~lg/L, and nitrate 8 mg/L. acid as electron 

donor 

Naval Weapons Industrial Reserve Plant (NWIRP), McGregor, Texas---Full 400 gpm 2000 ~lg/L to <4 ppb Groundwater, 
scale, operational: FBR system using acetate as electron donor, treating RL surfacc water 
blcnded influent from collectionibiobarrier trenches averaging I --2 ppm (seeps) 
perchlorate. 
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Technology & Vendor Name/Pro.iects Throughput 
Treatment 

Media 
Effectiveness 

In Situ Bioremediation 

Arcadis-Injection of com syntp or other carbon source as the electron donor to promote biodegradation of perchlorate. 

NASA, JPL, Pasadena, California·-Pilot test, completed: Conducted in 2003 Up to 90% reduction Grouf1(hvater 
to evaluate use of in situ bioremediation to reduce perchlorate concentrations 
in the source area. Instead of molasses, com syrup was used as the electron 
donor because it does not contain significant amounts of sulfur and nitrogen 
(sulfur creates potential for hydrogen sulfide fornlation; bacteria 
preferentially degrade the added nitrogen before perchlorate contaminati.on. 

GET B, Aerojct, California-Pilot test, completed: Com syrup was Groundwater 
injected into two aquifers upgradicnt of existing extraction wells in an 
effort to remove perchlorate through biodegradation prior to thc cxtraction 
wells. Sif,'11ificant reduction ofperchloratc occurred near the extraction 
wells. Howevcr, l11echanicnl difficulties in delivering the com syrup in an 
efficient and consistent manner helped lead to less of a reduction than 
anticipated. Perchlorate was not reduced to concentrations «4 /lg/L) that 
would eliminate the need for aboveground perchlorate removal. 

Ensafe, Inc.-Groundwater collection trench constructed with eomposting materials, cotton seed meal, and cotton seed. 

Area M, NWIRP, McGregor. Texas--·Full scale, operational: Industrial 100-13.000 /lg/L to Groundwater, 
area using 25 ft deep. 30 inch wide trench. Water is run through ex-situ <4 ~lg/L surface water 
bioreaetor for polishing. (seeps) 

Area F, NWIRP, McGregor. Texas-Pilot scale, operational: Industrial F rom 100s of ppb to Groundwater. 
areas using 12 ft deep. 30 inch wide trenches with composting materials. very low ppb levels surface water 
wood chips, ncetic acid, and vegetable oil. (seeps) 

Area S, NWIRP. McGregor, Texas---Full scale. operational: Industrial 3500 ft of From the I OOs of Groundwater. 
area using 30 inch wide trench with composting materials. wood chips and trenching ppb to very low ppb surface water 
vcgetable oil. I levels (seeps) 
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Technology & Vendor Name/Pro.iects Throughput 
Treatment 

Media Residuals 
Effectiveness 

GeoSyntec Consultants----Delivery of soluble electron donors via groundwater recirculation systems and active biobaniers. Typically groundwater is extracted, 
amended with an electron donor, and reinjected to the aquifer to promote in situ treatment. 

Area 20, Aerojet, Sacramento, California---Pilot scale, completed: 12,000 flglL Groundwater 
Conducted to accelerate in situ bioremediation of perchlorate in a deep perchlorate reduced 
contaminated aquifer -70 ft thick and extending to 100 ft below ground to <4 flgIL within 
surface. Groundwater was extracted, amended with electron donor 15 ft of donor 
(acetate, lactate), and reinjected upgradient to promote biodegradation of delivery well in -50 
perchlorate (12,000 flg/L) and trichloroethene (TCE, 2 mg/L). Included a days; remained below 
donor delivery well, an extraction well, and two monitoring wells. One- detection through end 
time bioaugmentation of the test cell with a TCE-degrading microbial of study (-250 days). 
consortia (KB-I) was required to achieve TCE dechlorination to ethene. TCE reduced to 

<5 flglL through 
reductive 
dechlorination to 
ethene. 

Area 20, Aerojet, Sacramento, California- --Pilot scale, completed: A 20 gpm R.OOO flg/L Groundwater Dissolved Mn and Fe 
follow-on test was conducted to demonstrate a single-pass active perchlorate reduced concentrations exceedcd 
biobalTier. The project created a 600 ft wide biologically active zone to <4 flgfL in secondary maximulll 
across the groundwater plume using two groundwater extraction wells and downgradient contaminant Icvels 
a single centralized electron donor deliverylrecharge welL Ethanol was monitoring wells (Mels) duc to creation 
used as the electron donor. Chlorine dioxide was used to control within -20 days; of reducing conditions. 
biofouling of the injection well. Funded by DOD's Strategic remained below This issue is expected 
Environmental Research and Development Program (SERDP). detection through end with all in situ 

of study (120 days). bioremediation projects, 
TCE reduced to but most projects do not 
<5 ~lg/L through measure these 
reductivc constitucnts. 
dechlorination to 
ethenc. 

, . 
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Technology & Vendor Name/Projects Throughput 

GET D, Aerojet. Sacramento, Califomia---Pilot scale, completed: An 150 gpm 
existing groundwater extraction and treatment system for volatile organic 
compounds (VOCs) required retrofit to treat perchlorate (250 /-lg/l) , 
Ethanol was added to the effluent from the treatment system, and the 
effluent was recharged to the aquifer to promote in situ bioremediation of 
the perchlorate, Perchlorate was effectively removed to less than 4 /-lg/l a 

I short distance (25-75 ft) down gradient from the extraction well. Chlorine 
dioxide was used to control biofouling of the injection well. 

AMPAC (fomleriy Pepcon) facility. Nevada-Pilot scale, completed: A 10 gpm 
6-month in situ biological treatment pilot project in the hot spot area of the 
plum was completed in 5/03, Groundwater was recirculated at rate of 
10 gpm between an injection and extraction well located 100 ft apart in 
line with groundwater flow, A number of electron donors were tested, The 
electron donor was switched from ethanol to citrate after 3 months to 
COlTect mineral precipitation problems. The groundwater has high TDS 
(3000-5000 ppm) with high concentrations of nitrates and chlorates that 
arc preferentially biodegraded over perchlorate, 

I 

Fomler rocket testing facility, Nevada-Pilot scale, co'mpleted: 5 gpm 
Groundwater recirculation system was implemented to treat a source of 
perchlorate to groundwater. Groundwater was extracted, amended with 
citric acid, and reinjected to subsurface to treat the remaining source, No 
biofouling control was required for this application, 

-
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Treatment 
Effectiveness 

250/-lg/l 
perchlorate reduced 
to <4 flg/l in 
down gradient 
monitoring wells 
within 30 days, and 
remained below 
detection through 
end of the study, 

A fter 160 days. 
perchlorate 
concentrations of 
600,000 flg/l were 
reduced to <2 /-lg/L at 
the downgradient 
perfomlance 
monitoring well 50 ft 
from injection well. 

540 flg/l to <4 flg/L 
within 4 months, 
Concentrations have 
not rebounded in 6 
months following 
bioremediation, 

Media Residuals 

Groundwater When concentration of 
electron donor addition 
was balanced with 
stoichiometric demand 
posed by oxygcn. 
nitrate. and pcrchlorate 
in rechargc water, 
perchlorate reduction 
occUlTed without 
mobilization of 
dissolved Mn and Fe 
ahovc secondary MCls, 

Groundwater 

Groundwater 
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Technology & Vendor Name/Projects Throughput 

WNN, Aerojet, Sacramento. California-Pilot scale, completed: A large- 60 gpm 
scale test of in situ bioremediation using a 900 ft wide active biobarrier 
was conducted to generate site-specific data in support of a Feasibility 
Study. The biobarrier employed two groundwater extraction weIls and a 
single centralized electron donor delivery/recharge well. Ethanol was used 
as the electron donor. Chlorine dioxide was used to control biQfouling of 
the injection well. 

LHAAP, Karnack, Texas-Pilot scale, in progress: A demonstration of in 
situ bioremeciiation of perchlorate impacted groundwater using a 
semipassive approach to electron donor (sodium lactate) addition. The 
biobarrier uses periodic (e.g., semiannual) bulk additions of electron 
donors to create a biologicaIly active zone across the perchlorate plume to 
prevent migration. Funded by DOD's ESTCP. 

NIROP, Magna, Utah~-·Interim remedial measure: An active in situ 100 gpm 
biobanier where groundwater is captured, amended with an optimized 
concentration (based on stoichiometric needs) of electron donors, and 
recharged to the aquifer to promote in situ perchlorate reduction (and hence 
perchlorate migration control). This approach allows for addition of a 
controlled and optimized amount of electron donor and therefore has 
minimal adverse impact on secondary groundwater quality. Funded by 
DOD's ESTCP. 

~--- .... ---.. -.-...... ---.-
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Treatment 
Effectiveness 

3000 Ilg/L) to 
<4 Ilg/L in 
down gradient 
monitoring wells 
within 14 days: 
remained below 
detection through 
end of study (~200 
days). 

1000 ~lglL 
concentrations 
significantly reduced. 
in most downgradient 
wells down to 
<4 ~lglL. Additional 
electron donor 
injections planned to 
improve biobarrier 
effectiveness in very 
heterogeneous 
aquifer. 

Media 

Groundwater 

Groundwater 

Groundwater 

Residuals 

Production of dissolved 
Mn and Fe controlled 
by balancing electron 
donor addition versus 
demand. 
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Throughput 
Treatment 

Media Residuals Technology & Vendor Name/Pro.jects 
Effectiveness 

Groundwater Barrier Trench-Ioint DODIESTCP'-funded project. 

Pilot scale, planned: The objective is to evaluate the efficiency and design Groundwater 
criteria of a permeable mulch biowall to degrade perchlorate in 
groundwater. The demonstration will evaluate critical design parameters 
such as biowall composition and contaminant residence time that are 
required to successfllily implement this technology on a broader scale. 

Los Alamos National Laboratory (LANL}·-A multilayered permeable reactive barrier (PRB) incorporates a sequence of four reactive media layers to 
immobilize or destroy a suite of contaminants present in alluvial groundwater, including Sr-90; Pu-238, -239, -240; An;-24I ; perchlorate; and nitrate. The four 
sequential media cells consist of gravel-sized scoria, apatite, pecan shells and cottonseed with an admixture of gravel (biobarrier), and limestone. 

LANL, Mortandad Canyon, New Mexico·--Full scale, operational: PRB Field data indicate Groundwater 
was installed in 02/03 to demonstrate in situ treatment of contaminants nondetectable levels 
within alluvial and deeper perched groundwater. The 27 ft deep by 20 ft (2 ppb) in wells 
wide by 20 ft long PRB was designed with a 10-year lifetime and I-day within biobarrier, but 
residence time within the biobarrier. Preliminary results indicate that both this is residual water 
nitrate and perchlorate are being reduced by microbial activity. After the in bcdrock under 
PRB was installed, drought conditions lowered the groundwater table to alluvium; 20 ppb was 
below the bedrock-alluvium interface and hence below the bottom of the detected in residual 
PRB. A meaningful evaluation of PRB effectiveness has thus been delayed grollndwater in 
until groundwater levels recover to nonnal levels. Cost to install: S900K. upgradient monitor 

well. 
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Technology & Vendor Name/Projects Throughput 

Shaw-Injection of lactate and carbonatelbicarbonate amended water into aquifer. 

Naval Surface Warfare Center, Indian Head, Maryland-Pilot scale, 
completed: Site required the addition of the carbonatelbicarbonate buffer 
due to low pH. After 20 weeks, eight of nine wells had >95% reduction, 
with two wells down to the RL. Funded by DOD's SERDP and Navy. 

Aerojet, Califomia-~Pilot scale, under way: An innovative, recirculating 
well technology developed at Stanford University will be evaluated for 
electron donor addition and mixing. This horizontal-flow treatment well 
technology was chosen for this application because it is anticipated to be 
the most effective and inexpensive method for applying electron donor to 
deep aquifers contaminated with perchlorate. Funded by DOD's ESTCP. 

Whittaker Bennite Facility, Santa Clarita, Califomia~-Pilot scale, planned: 
A groundwater recirculation system will be installed to distribute and mix 
electron donor with perchlorate-contaminated groundwater in a shallow, 
alluvial aquifer. This system will create a wide capture zone for the 
contaminated water, provide hydraulic control within the test region, and 
facilitate modification of the aquifer geochemistry to promote perchlorate 
biodegradation. Funded by Anny COllJs of Engineers. 

._- _. __ ......... _--_ ... -
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Treatment 
Effectiveness 

170,000 pg/L to 
<4 ftg/L 

.------

Media 

Groundwater 

Groundwater 

Groundwater 
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Technology & Vendor Name/Projects Throughput 
Treatment 

Effectiveness 
Media Residuals 

Solutions-fES--BiologicalIy active penneable barrier: injection of emulsified soybean oil product (EOS®) as the electron donor to promote biodegradation of 
perchlorate. The emulsion is prepared using soybean oil, food-grade surfactants, and vitamins (commercially available as EOS) and then distributed throughout 
the treatment zone using temporary injection weIls to create a penneable reactive biologically active barrier. 

Northern Maryland-·-Pilot scale, under way: This ESTCP-funded project 
is investigating an innovative. low-cost approach for distributing and 
immobilizing a water-miscible emulsion with a controlled droplet size as 
the biodegradable organic substrate in a perchlorate- and I, 1,1-
trichloroethane (TCA)-contaminated aquifer. The aquifer contains 
elevated concentrations of perchlorate (-10,000 mglL) and TCA (-23.000 
mg/L) released from a closed lagoon. The test barrier is 60 ft long and 10 
ft deep in the contaminated, saturated, shallow aquifer. A portion of the oil 
becomes trapped within the soil pores, leaving a residual oil phase to 
support long-term anaerobic biodegradation of the perchlorate. This 
approach provides good contact between the slowly biodegradable organic 
substrate (oil), the perchlorate. and TCA and substantially reduces initial 
capital costs with virtually no long-tenn (O&M) costs. 

Phytoremediation 

GeoSyntec Consultants 

Rocket lnanufacturing facility, California-Pilot scalc. completed: An 17 acres 
engineered planting of Sudan grass was constructed to prevent perchlorate 
in VOC treatment system effluent from reentering groundwater. Sudan 
grass has a high water-uptake capability. Perchlorate concentrations in 
infiltrating water declined during the test as a result of biodegradation in 
the rhizosphere and possibly reduction within plant tissues. 

F-12 

Within I month. I Groundwatcr 
rapid. complete. and 
sustaincd removal of 
perchlorate 
«0.004 mg/L) 
traversing the 
treatment barrier and 
no rebound 
downgradient of the 
contact zone. Within 
68 days of contact 
with thc substrate. 
TCA concentrations 
decreased by 95% in 
monitor wells up to 
20 ft down gradient 
with increasing 
concentrations of 
biological daughter 
products. 

\Vastewater 
(from VOC 
treatment plant) 
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I Technology & Vendor Name/Projects Throughput 
Treatment 

Media Residuals 
I E ffectiven ess 

Salt cedar trees-These trees are known to mine salt from the water. Stalks of the plant in the Las Vegas Wash picked up significant concentrations of 
perchlorate per gram of tissue. 

Research Groundwater 

University of Georgia and Iowa--Perfonned in conjunction with the Air Force Research Laboratory and LHAAP. 

California-Pilot scale, completed: Rhizodcgradation and enzymatic Groundwater 
degradation in leaves has been observed in different plant species. Species 
tested include French tarragon and cottonwood. Current research focuses 
on enhancing rhizodegradation over slower enzymatic degradation 
pathway, which can allow for accumulation of perchlorate in plant tissues. 

Willow trees---In bench-scale tests, willows successfully treated water contaminated with both perchlorate and TeE. Rhizodegradation accounted for most of 
the removal of perchlorate with little uptake into the plant. Plant uptake might be significant with high-nitrate environments (a competing tenninal-electron 
acceptor). 

Bench scale Groundwater 

Constructed Wetlands 

Containerized Wetlands, Lawrence Livemlore National Laboratory (LLNL)-Engineered use of plants to assimilate or degrade nitrate and perchlorate in water 
via the interaction of the contaminant with plant roots and their associated rhizosphere microorganisms. System consists of fiberglass tanks in series, containing 
coarse, aquarium-grade gravel and native wetland plants, such as bulrushes (Scripus), cattails (Typha), and sedges (Care.x). 

Pilot study, completed: A containerized wetland system designed to Removal of nitrate Groundwater, BOD. TSS. nitrogen, 
remove nitrate and perchlorate from groundwater was tested over a 7- (as NOJ to <4 mg/L) surface water phosphorous. TOe. pH. 
month period. and perchlorate (to turbidity, DO may need 

<4 ~lg/L) to bc monitored at 
effluent. 

L---~ .. ~. ___ ~._ ....... _ 
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Technology & Vendor Name/Pro.iects Throughput 
Treatment 

Media 
Effectiveness 

Simulated Wetland Drum----Work performed by the University of Georgia in conjunction with the Air Force Research Laboratory. 

Laboratory study. completed: The system consists of a 55 gal drum filled 250 11lgil Groundw8ter, 
with sand and potting mix. One drum was planted with native wetland perchlorate to surface water 
plants, such as cattails (Typha), duckweed (Spirodela), and parrot feather 'J I-lg/l 
(Ml'riophdlum). The media quickly developed reducing conditions, and 
drums containing wetland plants showed the highest removal rates for 
perchlorate (half-lives -1.5-4 days). 

Soil Bioremediation 

CDM---In situ bioremediation of vadose zone soil. Funded by DOD's ESTCP. 

Gaseous Electron Donor Injection Technology (GEDIT)-Pilot scale, Soil 
planned in location to be detennined: Patent-pending technology for 
treatment of perchlorate injects gaseous electron donors into soil using 
injection wells in combination with optional soil vapor extraction wells. 
These electron donors can include hydrogen/carbon dioxide or VOCs such 
as methanol. ethanol, butanol, acetic acid, ethyl acetate, and butyl acetate. 

Earth Tech/Geosyntec--Ex situ anaerobic composting 

Edwards AFB, California-Feasibility study, completed: A pilot study of 130 cubic yd Up to 57 mg/kg to Soil 
anaerobic composting of perchlorate soils was conducted in 55 gal drums. <7.8 mg/kg 
Objectives were to reduce the perchlorate concentrations in soil below the 
residential primary remediation goal (PRG) of 7.8 mg/kg by using horse 
stable compost as the electron donor. 

----- -

F-14 

Residuals 

BOD, TSS, nitrogen. 
phosphor()u~, TOC, 
pH, turbidity, DO l11ay 
need to be monitored at 
effluent. 
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Technology & Vendor Name/ProJects Throughput 

; Ensafe, Inc.--Anaerobic landfamling in lined, flooded cell. 

NWTRP, McGregor, Texas····Full scale, completed: Perchlorate- 1500 cubic yd 
• contaminated soil was excavated; transported to a biotreatment cell: mixed 
i with amcndments (citric acid, nitrogen, phosphorus, and soda ash as a 
buffer) in a 40 cubic yd roll-off container: and placed in the treatment cell 

[lined with 30 mil high-density polyethylene (HOPE). The soil was 
i saturated as it was placed in the cell. and more water was added to 
maintain at least 2 inches of water above the soil to foster anaerobic 
conditions. 

Environmental Alliance/Geosyntec-Ex situ anaerobic composting. 

Rocket manufacturing facility, Arkansas- .. Full scale, completed: Ex situ 1500 cuhic yd 
anaerobic composting was employed to treat 1500 cubic yd of soil 
containing perchlorate. Mulch and hay were used as electron donors. 

ENSRJGeosyntec-Ex situ anaerobic composting. 

Rocket manufacturing facility, San lose, California-·-Full scale. 500 cubic yd 
completed: Pilot test to confirn1 the ability to reduce perchlorate 
concentrations to below a site-specific cleanup level of 0.02 mg/kg. 
Methyl soyate and acetate used as electron donors. 

GeoSyntec Consultants-Ex situ and in situ anaerobic degradation. 

Ex situ anaerobic compos ling 20 cubic yd 

Area 41. Aerojet, Sacramento, California- Pilot scale, complete: 
Composting of soils from fOm1er perchlorate bum area. Two -10 cubic yd 
piles treated. Degradation half-life was 1-2 days. Cost: $65/cubic yd. 

Ex situ anaerohic compostil1g 200 cubicyd 

Rocket manufacturing facility, San Jose, California-Full scale. 
completed: Treated soil adjacent to a grinder station. Horse stable compost 
used as electron donor. Cost: S45/cubic yd. 

'---._ ......... -
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Treatment 
Effectiveness 

500,000 flg/kg 
average to 
<, I 00 fig/kg RL 

100 l11g/kg average 
to <0.0 I mg/kg in 
12 months 

No data yet 

23 mg/kg average to 
<0.1 mg/kg in 14 
days 

175 mg/kg to 
<1 mgikg within 90 
days 

Soil 

Soil 

Soil 

Soil 

Soil 

!\ledia Residuals 
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Technology & Vendor Name/Pro.jects Throughput 

Ex sit1l ClnClemhic composting 1000 cubic yd 

Fomler road flare manufacturing facility, Santa Clara County, 
Califomia--Full scalc, completed: Acetate and citric acid used as electron 
donors. Cost: SSO/cubic yd. 

III situ unocmhic cO!1lfJ()stillg 65 hot spots 

over 550 acres 
Area 41. Aero,iet. Sacramento, California·· . Pilot-/full-scale, completed: I 

I 
Based on pilot test above, project was modified to perform the same 
function without excavating the soils. Cow manure and coicium 
magnesium acetate \vas applied directly over the hot spots ofperchlo!'ate 
with the addition of moisture. Pilot was successful and tumed into full 
scale. Unique site chor<Jcteristics allowed penetration of the electron donor 
to the full depth of the soil column (2 -3 ft soil overlying bedrock). Cost: 
S25/cubic yd. 

In situ so;1 and gm1!mhmter treatment 40,000 cubic 

vd 
Fomler road flare manufacturing facility, Santa Clara County, 
California-Full scale, under way: Through infiltration of electron donors 
(acetate and citric acid) to a depth of 16 ft (average water table elevation). 

In sitll soil and grollndll'atel' treatment 

Hogout Facility. Aerojet, Sacramento. California--Pilot scale, under way: 
The goal is to bioremcdiate perchlorate in a 35 ft vadose zone sequence 
using a combination of technologies--a radial biobarrier for groundwater 
extraction and infiltration flushing of vadose zone. Using oleate and 
calcium magnesium acetate as electron donors to treat perchlorate being 
flushed from vadose zone at a major source of perchlorate in soil and 
groundwater. 
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Treatment 
Effectiveness 

7 mg/kg to 
<0.1 mg/kg within 
90 days 

450 1l1gfkg a\'erage 

to 1.4 mgiku 
I average: %~4% 

Clvcrogc perchlorate 
reduction 

No data yet 

No data yet 

Media 

Soil 

Soil 

Soil 

Soil. 
groundwater 

Residuals 

I 
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I Technology & Vendor Name/Projects Throughput 
Treatment 

Effectiveness 

GeoTrans---In situ soil washing. 

Inactive Rancho Cordova Test Site, Aerojet, Sacramento, California---- Variable 
Pilot scale, under way: Soil washing using ethanol-blended water injected 
into a recharge well was attempted to bioremediate a 120 ft thick vadose 
zone_ Results to date have not been successful. 

MWH/Geosyntec--Combined in situ and ex situ bioremediation. 

Boeing, Santa Susana Field Laboratory, Ventura Co., California-- Full 20.000 cunic No d::tta yet 
scale, under way: A combined in situ/ex situ bioremediation remedy is yd in situ, 
treating soils to a depth of 3 ft in three production areas by mixing with an 8000 cubic yd 
electron donor (acetate) to promote in situ bioremediation of perch lorate in ex situ 
surface soils. Soils excavated from other areas have been subsequently 
mixed with electron donor (methyl soyate) and placed over top of the 

I amended in situ soils to combine in situ and ex situ treatment. 

Naval Surface Warfare Center/Shaw-In situ bioremediation of vadose zone soil. Funded by DOD's ESTCP. 

Pilot scale. planned: Objective is to demonstrate and validate treatment of 
perchlorate in vadosc zone soils through two approaches aimed at 
bioremediation and flushing via the infiltration ofliquid electron donor. 
First, an engineered infiltration gallery will be designed to deliver and 
distribute the electron donor to perchlorate-impacted vadose zone soils. In 
conjunction with the infiltration gallery, an injection well may be uscd to 
supply donor to decper vadose zone soils. The second approach will use a 
simple soil-mixing and watering approach, wherein donor agents are 
mixed with the upper 2 - 3 feet of the soil column and then watered 
regularly to deliver donor agents to contaminated vadose zone soils. Both 
liquid and solid donor amendments will be evaluated in the second 
approach. For both approaches, the most effective electron donor will be 
detennincd using site-specific column studies. 

---... ---.... --.~-....... ---
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Technology & Vendor Name/Projects Throughput 
Treatment 

Effectiveness 

Planteco and University of Georgia--In situ biological treatment of perchlorate-contaminated soil. 

LHAAP. Texas-Pilot scale, completed: Laboratory testing indicated that I I 0 square ft 6700 Ilglkg to 
soils containing 300 Illg/kg could be treated to non detectable levels in less <40 pg/kg RL in 
than 9 days using chicken manure, horse manure, and ethanol as carbon first 30 inches 
sources. Perchlorate reduced to below RL after 10 months to 30 inches. 
with varied levels of reduction in the deeper layers. Perchlorate 
concentrations in the wettest cells had decreased to nondetectable levels. 
Estimated cost: S25-S0/cubic yd. 

LHAAP. Texas- Pilot scale, completed: The site was subdivided into I acre 110% reduction in 
three sections. Approximately 213 of the southern section of the I-acre plot mass 
was treated with 600 cubic yd of mushroom compost. The northeast I i6 
was treated with 125 cubic yd of cow manure compost only. The 
northwest 110 was treated with 125 cubic yd of cow manure compost and 
then with perchlorate-degrading bacteria. An irrigation system \vas used to 
mobilize the nutrient amendments into the vadose and saturated zones. and 
tensiometers were installed to monitor moisture content in the site soils. 

Soil Composting 

Pueblo Army Depot. Colorado-Full scale: Perfonned to remediate soils 
contaminated with explosives (HMX and RDX) and now known to also be 
contaminated with perchlorate. Analyses are under way to assess the 
effectiveness of the process in reducing perchlorate concentrations. 
- - ... --.... ---.... -.... -.-... -... -.-~-.......... --....... _-----_ .. - ~ ... -.. -.-.----.-- .. --
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Technology & Vendor NamelProjects Throughput 
Treatment 

Media Residuals 
Effectiveness 

PHYSICAL PROCESSES 
. 

Conventional Ion Exchange Resins 

! Calgon ISEP@ (Ion SEParator), Continuous Anion Exchange and Regeneration-System includes mUltiple (20--30) anion exehange columns mounted on a 
turntable attached to a rotating rnultiport valve. During a rotation, each resin cell is subjected to a cycle of adsorption, regeneration (with an NaCl solution) or 
elution, and one or two rinse steps. 

La Puente Vallcy County Water District, California-Full scale, 2500 gpm -200 ftg/L to Drinking water Concentrated brine 
operational: Designed to trcat 2500 gpm with 600 !lg/L perchlorate; began <4 pg/L potentially contDining 
operating 02/00. Uses Purolite A 850, strong base anion, acrylic, Type I nitrate, sulfDte, and 
gel resin and operates 19 hours/day to control the perchlorate plume in the perchlorate requires 
San Gabriel Groundwater Basin. Capital cost = $2 million; operating cost treatment or disposal. 
= S I 45/acre-ft. 

Ken·-McGee, Henderson, Nevada-- Full scale, operational: Perchlorate 450 gpm RO-IOOmg/Lto Groundwater 
dcstruction module stm1ed in 03102 and operated for about 6 months to trcDt <2 mg/L (DL, ion-
extracted groundwater from Athens Road Well Field and Las Vegas Wash specific electrode) 
seep area. Actual flow rates varied 200 -560 gP1l1. MDintenance problems 
were caused by high TDS, hardness, and sulfate. Operation discontinued due 
to corrosion in heat exchangers. 

Big Dalton Well, Baldwin Park, Califomia-- -Pilot scale, completed: Study 4.3 gpm I R 76 flg/L to Drinking water 
initiated in sin: brine produced was 0.75% of the inflow. <4 flg/L. 

San Gabriel Valley Water Company, EI Monte, California-Full scale, 7ROO gplll Drinking water 
planned: B6 well site: system built, first phase of staJ1-Up under way; 
expected operational by 02104. 

Valley County WDter District, Baldwin Park, Califol11ia--Full scale, 7800 gpm Drinking water 
planned: Under construction, start-up 01/04. 

City of Pasadena, California -Full scale, proposed: 3500-5000 gpm 7000 gplll Drinking water 
system proposed at existing wells next to JPL site; planning stage. 

- ...... - .. ---~-.... ~.- ..... -.-.-.. -..... -.-
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Technology & Vendor NamefProjects Throughput 

Calgon Anion Exchange----Fixed-bed nonregenerable anion exchange resin treatment. 

California Domestic Water Company, Whittier, California-Full scale, 5000 gpm 
operational: Start-up 7/02. Cost: SI25/acre ft. 

Tippecanoe Treatment Facility, City of Riverside, California---Full scale, 5000 gpm 
operational: Start-up 12/02. 

Gage 51-1 Treatment Facility, City of Riverside, California--Full scale, 2000 gpm 
operational: Start-up 05/03. 

West San Bernadino Water District, Rialto, California--Full scale, 2000 gpm 
operational: Start-up 05/03. 

City of Monterey Park, Delta Treatment Plant, Well 12 (San Gabriel GW 4050 gpm 
basin ----Full scale, planncd: System constmcted and tested, awaiting 
pernlit, expected operational 01104. 

B5 Site, San Gabriel Valley Water Company, EI Monte, Califol11ia - -Full noo gpm 
scale. planned: Under construction, start-up 04/04. 

Ken-McGee facility, Nevada. Full scale, operational: Once-through ion >300 gpm 
exchange system to treat captured surface water in the seep area has been 
ongoing since 11/99. Groundwater in seep area has been pumped and 
treated since 1010 I. The initial four-well extraction system was expanded 
to nine wells in 03103. Pumping rates varied 300--600 gpm 10/0203/03. 

NWIRP, McGregor, Texas--Full scale, completed: Modular system was 200 gpm') 
brought in to treat a blended influent from the collectionlbiobanier 
trenches averaging 1-2 ppm perchlorate. System was replaced by a 
biological FBR. 
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Treatment 
Effectiveness 

< 14 pg/L to <4 ~lg/L 

Distribution system 
6.4 ppb average in 
200 I to 4.6 ppb 
average in 2002 

<60 ~lg/L to <') ~lg/L 

Influent averages 
-30 ppm. Combined 
with effluent from 
ion exchange 
system, effluent 
varies <0.5 -2 ppIll 
and averages 
1.3 ppm. 

2000 ~lglL to < 4 
ppb RL 

Media 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Surface water, 
groundwater 

Groundwater, 
surface water 
(seeps) 

Residuals 

Perchlorate-laden resill 
requires disposal. 

Perchlorate-laden resin 
requires disposal. 
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Technology & Vendor Name/ProJects Throughput 
Treatment 

Effectiveness 

Loma Linda, Cali fomia- -Full scale, planned: Single-pass ion exchange 2000 gpm 
treatment; start-up planned spring 2004. 

Kerr McGee facility, Nevada--Full scale, operational: A single-pass ion R50 gpm Influent varies 200-
exchange system was installed to replace the Calgon ISEP system and to 300 ppm. Combined 
allow continuous treatment of the extracted groundwater from the Athens with effluent from 
Road wells. Continuous operation since 10/03. ion exchange 

system, effluent 
varies <0_5-2 ppm 
and averages 
1.3 ppm. 

Ion Exchange--Originally designed for nitrate removal, anion exchange system achieves perchlorate removal. 

City of Pomona, California---Full scale, operational. 10,000 gpm 

U.S. Filter Anion Exchange-Fixed-bed nonregenerable anion exchange resin treatment. 

Aerojet, California-- Full scale, operational: Sacramento GET D facility. 1000 gpm 200 ppb to <4 ppb 

Aerojet. California--Full scale, operational: Sacramento GET B facility. 2000 gpm 50 ppb to <4 ppb 

;\erojet and Boeing (formcrly McDonald Douglas), Sacramento. 800 gp11l 250 ppb to <4 ppb 
Califolllia-- Fu II scale, operational. 

City of Morgan Hill, California- -Full scale. operational: Two wells: 800 gpm <10 ppb to <'4 ppo 
Nordstrom well operating: Tennant well installed. Perchlorate plume due 
to Olin Corp. manufacturc of road flares. I 

V/est Valley Watcr Co., West San Bcmadino, California --Full scale, 2000 gpl11 <10 ppb to <4 ppb 
operational: Start-up 05/03. 

City of Rialto, California-Full scale, operational: Start-up 08/03. 2000 gpl11 < I 0 ppb to <4 ppb 
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Media 

Drinking water 

Groundwater 

Drinking water 

Groundwater 

Groundwater 

Groundwatcr 

Drinking water 

Drinking w<ltcr 

Drinking water 

Residuals 

Concentrated brine 
potentially containing 
nitrate. sulfMc. and 
perchlorate requires 
treatmcnt or disposal') 

Perchlorate-laden resill 
requires disposal 
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Technology & Vendor Name/Projects Throughput 
Treatment 

Media Residuals 
Effectiveness 

City of Colton, California- -Full scale, operational: Start-up 08/03. 3500 gpm <10 ppb to <4 ppb Drinking W<lter 

Fontana Union Water Co., Font<lna, California --Full scale, operational: 5000 gpIll 15 ppb to <4 ppb Drinking water Perch loratc-Iaden res 111 

System being loaded with resin as of 12/19/03; operational by 01104. requires disposal. 

West San Martin Water Co., California--Full scale, operational. 800 gpm I 7 ppb to <4 ppb Drinking water 

Selective Ion Exchange Resins 

I Applied Research Associates, Inc.-ESTCP-funded selective resin demonstration. 

Redstone AAP--Pilot scale, planned: A perchlorate-selective ion exchange Groundwater Perch lorate-Iaden res 111 

rcsin and ferrate ion displacement regeneration technique will be requircs dispos<ll. 
demonstrated with a skid-mounted, field demonstration unit. Multiple, ion-
exchange-column regenerations will be perfotmed using this resin and 
regeneration technique that can reduce cffluent volume to 0.1 %-0.2% of 
state-of-the-art ion cxchange processes. Biological and thennal effluent 
treatmcnt techniques will be demonstrated that enable discharge or reuse of 
the spent regeneration solution. A low-cost, prototype field monitor eapablc 
of online, real-time. perchlorate analysis to < I ppb will also be demonstrated. 

Carrollo Engineers, Inc. 

Castaic L<lke Water Agency. Santa Clarita. California--Pilot scale, 50 ppb to <I ppb 
completed: Study on three single-usc resins: USF 9708, USF 9710. and 
CalResin #2. Influent feed water concentration was spiked to 
approximately 50 ppb perchlorate. All the resins removed perchlorate. 
with breakthrough occurring at 25,000 bed volumes for USF 9708; 72,000 
bed volumes for USF 9710; and 76,000 bed volumcs for CalRcsin #2. 

SYBRON IONAC SR-7 Anion Exchange Resin, LLNL--Commercially available regenerable nitrate selectivc anion exchangc resin manufactured by Sybron: 
resin is effective for perchlorate, whose ion exchange properties are similar to nitrate's. In these systems, anion exchange is part of a treatment train, preceded 
with biological treatment to remove nitrate and followed with GAC to remove TCE. 

LLNL, Building R 15 SR-7--Full scale, operational: Start-up 07 100: 1400 gpd 10 pgiL to <4 pg!L GroundwJte() Perchlorate-laden resin 
regenerant flow rate 0.25-0.5 gpm/cubic ft. requires disposal. 

-~-.... --.- -
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Technology & Vendor Name/Pro.iects Throughput 
Treatment 

Media Residuals 
Effectiveness 

LLNL Building 830-DISS--Full scale, operational: Start-up 11/00; 5000 gpd 10 pg/L to <4 ~lg/L Groundwatcr" 
rcgenerant flow rate 0.25--0.5 gpm/cubic ft. 

LLNL, Building 854-PRX-Full scale, operational: Start-up 09/00; 1000 gpd 7.2 ~lg/L to <4 jlg/L Groundwater" 
regenerant flow rate 0.25-0.5 gpm/cubic ft. 

Oak Ridge National Laboratory (ORNL) and University of Tennessee Purolite A-530E Bifunctional Resin-·--Bifunctional anion exchange resins highly 
selective for perchlorate consist of quaternary ammonium groups with large (C6) and small (C2) alkyl groups resulting in high selectivity and good exchange 
kinetics. The technology has been licensed to Purolite todevelop a commercial version of the resin. Difficulty with regeneration of bifunctional resins has 
limited their lise. ORNL has patented a process using a ferric chloride-hydrochloric acid displacement technique to regenerate bifunctional and other selective 
anion-exchange resins. Lab studies indicate a high recovery of ion-exchange sites can be achieved with the regenerant solution without affecting the resin's 
perf0TI11anCe after repeated cycles. 

ORNL lab studies demonstrating D3696 resin (aka Purolite A-530E) to Groundwater Perchlorate-laden resin 
remove perchlorate. requires disposa I. 

Stringfellow Site, Riverside Co., California-Full scale, planned: A system 25 gpm 30 ppb to <4 ppb Groundwater Perchlorate-laden resin 
to treat the downgradient "toe" of the perchlorate plume (-30 ~lg/L) began requires disposal. 
continuous operation in 12/03. The system consists of two I O-cubic-ft beds 
in series and can treat perchlorate to below the 4-ppb DL. The highly 
selective resin is expected to last several months before change-out is 
required. On-site regeneration was not an option because oflocation in a 
residential area which required a low profile and minimal operational 
requirements. High TDS, including sulfates (-200 mg/L) and nitrates 
(-70 mgfL) makes use of nonselective anion exchange resins problematic for 
this application due to frequent regeneration or change-outs and no brine 
disposal options. Significant concentrations oftetrahydrafuran and methyl 
ethyl ketone were detected during system start-up but not in subsequent 
sampling. The source of these contaminants is unclear (may be from the 
resin system) as these compounds are not nonnally found in groundwater 
plume at this location. 
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Technology & Vendor Name/Pro.jects Throughput Treatment 
Media Residuals Effectiveness 

Site 285, Edwards AFB, California---Full scale, under way: The system, 35 gpm 300 ~lg/L to <4 flg/L Groundwater 
including a chemical regeneration process and destruction module, became 
operational in the spring of 2003 and has removed 32 Ib of perchlorate 
from approximately 9 million gal of water processed through 06/04. 
Destruction module is expected to become operational in summer 2004. 

Castaic Lake---Pilot scale, completed: Five-month pilot plant study 300 gplll to <4 flg/L Groundwater') 
(Kennedy-Jenks). three wells 

PUfolite A-520E Anion Exchange Rcsin--Commercially available nitrate selective anion exchange resin manufactured by Purolite: effective for perchlorate. 
whose ion exchange properties are similar to nitrate's. Reported by ORNL as one of the best nitrate-selective resins; higher affinity for nitrates over sulfates. 

! Paducah Gaseous Diffusion Plant-Lab study to treat pertechnetate. Groundwater'? Perchlorate-Iadcn ITSJT1 

I ORNL comparison study for bifunctional resins--Lab study. 
requires disposal. 

Groundwater 

Rohm and Haas Corporation Amberlite PWA2 Perchlorate Selective Resin-A proprietary perchlorate-selective resin that is NSF 6 I-certified for potable usc. 
Amberlite PWA2 is a nonregenerable resin for "load and toss" applications. 

Aerojet, Sacramento, California--Full scale, operational. 2000 gpm 50 ppb to <4 ppb Drinking water Perchlorate-laden resin 
requires disposal. 

Lincoln A venue, Altadena, California-Full scale, operational. 2000 gpm 20 ppb to <6 ppb Drinking water 

Rohm and Haas Corporation Amberlite PWA 555 Nitrate Selective Resin-Commercially available nitrate selective anion exchange resin is effective for 
perchlorate, whose ion exchange properties are similar to nitrate's. 

W. San Martin Colony and County wells, Califomia--Full scale, 1000 gpm 15 ppb to <4 ppb Drinking \valer Perchlorate-laden resin 
operational. requires disposal. 

Selective strong-base anion exchange resin 

Site 9, Vandenberg AFB, California--Pilot scale, operational: System 204 f,lg/L to <4 ~lg!L Groundwater 
consists of two 560 gal tanks. eaeh containing -42 cubic ft ofa selective 
strong-base anion resin: associated interconnection and process piping. 
and instruments and controls. Columns are arranged in series (lead-lag 
configuration) and installed inside a double-contained treatment pad. Cost: 
S81 K/ycar for O&M. 

----_ ... , 
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Technology & Vendor Name/Pro.jects Throughput 
Treatment 

Effectiveness 

Tailored Granular Activated CarbonlGAC 

Granular Activated Carbon 

Crafton-Redlands Plume, City of Redlands, California-Full scale, Influent 
operational: System installed to treat VOC contamination for drinking concentration of 60" 
water supply later found effective to treat low concentrations of 138 ~lg/L 
perchlorate. In 09/0 I, the Department of Health Services issued a domestic perchlorate: GAC 
water supply permit amendment to the City of Redlands Municipal bed regenerated 
Utilities Department to operate the Texas Street GAC facility to remove every 6 weeks for 
perchlorate in the domestic water supply system. Penn State University is perchlorate treatment 
using 4 of the 24 GAC vessels at the same facility for additional studies, vs. the 8 months 
,looking at enhancing GAC perfonnance by preloading with iron organic required for 
complex and regenerating with reducing solution. treatment ofVOCs. 

Site 133, Edwards AFB, California--Full scale, operational:- Liquid-phase 100 gpm Influent 
GAC system. Three 2000 lb carbon canisters in series, constnlcted in concentration of 
0510 I to remove VOCs, are now treating 92 ~lg/L perchlorate as a 92 ~lg/L perchlorate: 
cocontaminant; U.S. Filter has conducted bench-scale testing of modified 09/03 report 
carbon to treat perchlorate at the treatment system effluent, indicates system not 

effective for 
perchlorate. 

City cif Monterey Park, Well 5, California--Full-scale, planned. Coconut 
carbon to treat low lcvcls. 

Penn Sta~e University, Tailored GAC-Preloaded with quaternary ammonium compounds 

Crafton-Redlands Plume, City of Redlands, California-Pilot scale, 2.65 mL bed 60 I 40 ~lg/L to 
completed: A number of different quaternary ammonium compounds have volume <6 ~lg/L 
been pilot tested using rapid, small-scale columns. Results concluded that 
for Redlands water, commercially available GAC can be tailored to extend 
the service life for perchlorate from 1 month to 2.5 years. 
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Media 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Residuals 

GAC loaded with 
perchlorate and 
potentially other 
compounds requires 
treatment or disposal. 

Tailored GAC loaded 
with perchlorate and 
potentially other 
compounds requires 
treatment or disposal. 
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Technology & Vendor Name/Projects Throughput 
Treatment 

Media Residuals 
Effectiveness 

Crafton-Redlands Plume, City of Redlands, California~-Full scale, under 49 Ilg/L average to Drinking water 
way: Testing began in the spring 2004 to last 6-9 months. Results after 6 6 ~lg/L 
weeks of operation have treated 7100 bed volumes of water with no 
breakthrough of perchlorate, which averaged 49 ppb at the influent. 

MMR, Cape Cod, Massachusetts-Pilot scale testing of tailored GAC 

Reverse Osmosis 

Reverse Osmosis (RO}--Water is forced through a semipermeable membrane. RO has been used to treat various water sources to remove high concentrations 
of total dissolved salts. Although performance data is not available, RO would also be expected to effectively remove perchlorate ions. Unselective removal of 
dissolved ions results in a more corrosive, lower pH effluent. Degradation of the membrane in treating perchlorate may be a concern. 

NASA, JPL, Pasadena, California~--Bench scale: A laboratory treatability Influent 800 IlglL, Groundwater Effluent (rejectate) 

study was perf0n11ed to assess the effectiveness ofRO to remove thin film penlleate brine production (TDS, 
perch lorate from groundwater. A thin film composite and a cellulose 1216 ~lg/L, thin film perchlorate) can be 

acetate membrane were tested. [n both tests, 80% of influent stream was rejectate 3600 pg/L, equal to 20% of 
recovered as permeate and 20%, as rejectate. High energy requirements cellulose acetate influent flow rate and 
due to operating pressures required. pcmleate 680 ~lglL require further 

cellulose acet;lte treatmcnt or disposal. 
re.iectate 1 600 ~lglL 

Electrodialysis 

Eleetrodialysis--Water is passed through channels of alternating semipernleable and permeable membranes (to either anions or cations), while being exposed 
to an electrical field. 

Magna Water Co., Utah--Pilot scale, completed: An electrodialysis 7.4 gpm Stabilized in the low Drinking water') 
reversal pilot unit (Tonics Aquamite III) was installed at an 70% range; higher 
uncontaminated well with high TDS (1300 mg/L) and silica (80 mg/L) and rates (94%) possible 
0l?erated continuously for 4 days to evaluate perchlorate removal with a four-stage 
effectiveness. Extracted groundwater feed to the pilot unit was dosed to system 
130 ~lg/L perchlorate. Cost: S 1.1 0~-1.501l 000 gal 

--
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I Technology & Vendor Name/Projects Throughput 
Treatment 

Media Residuals 
Effectiveness 

CHEMICAL PROCESSES 

Concentrated Brine Treatment 

Calgon Carbon ISEpTM System Perchlorate and Nitrate Destruction Module (PNDM)--A catalytic chemical reduction process for treating perchlorate and 
nitrate ions in the waste regeneration brine. A hydrogen source (ammonium) is added as a reductant, and perchlorate is reduced to chloride (CI04' + 8e + 

8R" ~ cr + 4H20). The system operates at 250°C and is relatively energy intensive. 

NASA. JPl Pasadena. Califomia--Pilot scale, completed: Seven-month <2 gpm 1200 ~lg/l to Wastewater A small concentrated 
study conducted 1998-99 on groundwater with 1200-llg/l perchlorate and <4 ~lg/L; nitrates and (brine from brine (sulfrlte buildup) 
high concentrations of nitrate and sulfate. PNDM effectively reduced the sulfates removed to watcr treatment waste stream requircs 
perchlorate and nitrate present in regeneration brine waste, while >96% of acceptably low plant) treatment or disposal. 
sulfatc was removed. Treated regenerant stream was recyclcd to effectively levels 
regenerate the resin. Overall process waste from the system was about 0.16% 
of the feed volume. O&M costs are estimated at about two times the cost of a 
comparable biological trcatment unit. 

I 

Kerr-McGcc. Henderson. Nevada---Full scale, operational: System started 450 gpm 80- 100 mg/L to Wastewater 
up in 03/02 and operated for about 6 months to treat extracted <2 mg/l (Dl, ion- (brine from 
groundwater from the Athens Road Well Field and the Las Vegas Wash specific electrode) water treatment 
seep area. Actual flow rates varied 200-560 gpm. Maintenance problems plant) 
were caused by high TDS. hardness. and sulfate. Operation was 
discontinued due to corrosion in the heat exchangers. 

ORNl Chemical Reduction of Perchlorate FeCI3-RCI Regenerant Solutions-Perchlorate in FeCh-HCl regenerant solutions is degraded using ferrous iron 
and/or nontoxic organic reducing agents (patent pending). While perchlorate is reduced, ferrous (Fe2+) ions arc oxidized to ferric (Fe"+) ions, which replenish 
or "regenerate" the FeCb-HCI solution. 

Site 285. Edwards AFB. Califomia-Full scale. under way: Bifunctional resin 35 gpm 50 pg/L to <5 ~lg/L vVastcwater 
treatment system including a chemical regeneration process and destmction (brine from 
module. is under way. Destruction module became operational in fall 2004. water treatment 
Destmction of perchlorate to chlOlide and water required up to I-hour plant) 
residence time in pilot testing. 
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Technology & Vendor Name/Projects Throughput 

Treatment 
Media Residuals , 

Effectiveness 

Nanoscale Bimetallic Particles 

Lehigh University-Nanoscale bimetallic particles (FeIPd, 99.9% Fe) are being investigated for their possible use as remediation technology. Nanoparticles 
feature large surface area and extremely high surface reactivity. 

In lab research, nanoscale zero-valent iron particles degraded perchlorate Groundwater: 
to chloride after a lag period at an estimated rate of 1.2 mgfL-day. 

Ozone Peroxide 

A WWARF-Funded Study 

In "Removal of Perchlorate and Bromate in Conventional Ozone/GAC Drinking wnter 
Systems," investigators explored water quality conditions under which 
ozone/GAC and other advanced oxidation processes (AOPs) may result in 
by-products that donate electrons sufficiently to facilitate destnIction of 
perchlorate. Results indicated that perchlorate ions exchanged to some extent 
onto the GAC, but that abiotic reduction of perchlorate did not occur under 
these conditions. Since perchlorate solutions in water cannot be reduced by 
strong common reduetants, it is unlikely that AOPs would be successful 
unless thc kinetic barrier to reduction can be overcome. 

Titanium 

Titanium +3 Chemical Reduction, Georgetown University 

A technique using titanous ions (3+) to chemically reduce perchlorate. Wastewater 
Several new organic ligands have been developed that have been shown to 
catalyze reduction of perchlorate by titanous ions (3+) ions to titanium 
dioxide and chloride in acidic aqueous media. A preliminary patent 
application has been filed. I ~-.---.-~--.-- .. ~.-.--.-.-.-.-. _ ..... __ .. __ ... __ . __ ... _. __ ..... __ ..... _ .. _ ... _-
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Technology & Vendor Name/ProJects Throughput 
Treatment 

Media Residuals 
Effectiveness 

UV/Zero-Valent Tron 

UV Light/Zero-Valent Iron Reduction~Lab stddies (Gurol and Kim 2000) indicate that perchlorate can be reduced by iron (FeO) under anoxic conditions and 
that UV light can accelerate the reaction rate to levels for practical application. Patent #6,53 I ,065 was issued March II, 2003. The patent also covers use of the 
iron metal with a catalyst and with phosphoric acid. 

Pilot test, planned: Funded by the California State University, San 77% reduction in Drinking water 
Bernadino, Office of Technology Transfer and Commercialization perchlorate 
Initiative to be conducted in the Rialto Area. concentration in 

laboratory study 

Electrochemical 

Capacitive Deionization. Carbon Aerogel. LLNL-Influent water containing salts enters space between two carbon-aerogel electrodes; electrostatic field forces 
ions into aerogel, where they are held, and purified water leaves the space between the electrodes. CDI systems potentially use 10-20 times less energy per 
gallon and achieve the same results as a convention electrodialysis or RO system. 

LLNL patented the carbon aerogel capacitive deionization technology in \ Wastewater') 
1995 and has licensed the technology for commercialization to eDT Drinking water: 
Systems, Inc. (formerly FarWest Group, Inc,), based in Tucson, Arizona. 
eDT Systems, Inc. has a proposal to install a system to clean up brackish 
water at the municipal water treatment plant in Carlsbad, California. 

Capacitive Deionization, Flow-Through Capacitor, Biosource, Inc.-Made up of alternating electrodes of porous activated carbon. With small-voltage 
applications, dissolved salts in the water moving through the capacitor are attracted to the high surface area carbon and removed. Once the capacitor is fully 
charged, the electrodes are shorted to regenerate the capacitor, causing absorbed contaminants to be released as a small volume of concentrated liquid waste, 

Research and development: Covered by a number of U.S. patents. Drinking water'? 
Biosource, Inc. indicated in May 2004 that it had recently been awarded a 
contract to develop water purification technology for military usc and that 
it will bc used in Iraq, 
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Technology & Vendor Name/Pro.jects Throughput 
Treatment 

Media Residuals 

I 
Effectiveness 

I Electrochemical Reduction-Clarkson University, City of Redlands and City of Riverside, California (A WW ARF-funded). 

i Bench-scale study of electrochcmical reduction of perchlorate used two- Drinking water 
chambered batch reactor systems. Cathodic and anodic compartments were 
separated by an ion exchange membrane, and electrodes consisted of 
titanium coated with a thin film of titanium dioxide particles. Initial 
perchlorate concentration ranged 50-500 mglL. Perchlorate reduction was 
limited due to the competition among anions for active sites on the electrode 
surface, with perchlorate less strongly adsorbed than both sulfate and 
chloride. The time required for ions in the water to travel to the electrode 
surface is a design problem in developing a practical full-scale system. 

THERMAL PROCESSES 

Applied Research Associates, Integrated Thermal Treatment Process-Perchlorate in regenerant brine is thennally decomposed at elevated temperature and 
pressure with the addition of reducing agents and promoters. Concentration of the brine with reverse osmosis would be necessary to make the process cost-
effective. A patent application is pending. 

Laboratory research, completed. Wastewater 
(brine from 
water treatment 
plant) 

Environmental Chemical Corp., Burlingame, California, Thermal Treatment Unit--Dry, perchlorate-contaminated soils were themmlly destroyed in bench tests 
in 10 minutes at 775°F in a laboratory-scale rotary kiln. Temperatures required in the full-scale unit were higher (up to 950°F) depending on moisture 
evaporation requirements at a fixed total residence time of 10 minutes. 

MMR, Cape Cod, Massachusetts --Bench and full scale, under way: In full 40 tons/hour To <4 ppb (~lg/kg) Soil 
production mode, summer 2004. 

. 
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Technology & Vendor Name/Pro.iects Throughput 

Effectiveness 
Media Residuals 

General Atomics, Super Critical Water Oxidation-Supercritical water sustains combustion and oxidation reactions because it mixes well with oxygcn and 
with nonpolar organic compounds. Reductions, such as those necessary to destroy the perchlorate ion, also take place. 

Thiokol, Brigham City. Utah-Bench scale, completed: The concentration Up to 800 Ib of 99.9% DRE Wastewater 
of ammonium perchlorate in CYH is 10.8%. During optimization testing, CYH 
destruction removal efficiencies of99.9% were achieved. The critical propellant 
point ofwatcr is 374.2°C and 22.1 Mpa. Costs are expected to be high due 
to high temperature and pressure. 

EMERGING PROCESSES 

Monitored Natural Attenuation (MNA) 

Solutions IES--A long-term process using groundwater monitoring to evaluate and track the natural degradation of perchlorate. Preliminary evidence suggests 
that conditions similar to those promoting denitrification may be appropriate for perchlorate MNA. These include anaerobic conditions along with depleted 
concentrations of oxygen and nitrate. However, at this time there is a little or no evidence of perchlorate natural attenuation at field sites as few studies have 
investigated this process. 

Pilot-scale, under way: ESTCP-funded project to identify perchlorate sites. Groundwater 
monitor site conditions over an extended period, and seek commonality in 
conditions from sites where perchlorate appears to be controlled compared to 
locales where is it continuing to migrate unabated. This effort will help 
develop a protocol that will be useful to regulators and the public, providing 
the needed assurances that this approach is protective of human and 
environmental health. 
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Iodide Addition 

U.S. Air Force and U.S. Geological Survey·-The remediation of perchlorate-contaminated wetlands using potassium iodide or elemental iodine addition to the 
water. 

Laboratory: Results indicate this maybe a promising method, requiring Surface water 
only a small amount of iodide to counteract significantly higher 
concentrations of perchlorate (as little as 10 ppb iodide can offset the 
effects of up to 50 ppm perchlorate). Additional testing at the pilot and 
field scale needs to be perfon11ed, as well as detennining logistics and 
physical form of iodide application, effects on other wetland species. and 
stability and potential side effects of iodide addition. 

N anofiltration/Microfiltration 

NanofiltrationiUltrafiltration-A partially penneable membrane is used to preferentially separate different fluids or ions. Nanofiltration generally works for 
particle sizes over 10 angstroms (10-10 m), rejecting selected salts (typically divalent). Ultrafiltration is a selective fractionation process using pressures up to 
145 psi. It concentrates suspended solids and solutes with high molecular weights. Ultrafiltration process typically removes particles in the 0.002-·0.1 micron 
range. 

A WWARF-funded studies: Nanofiltration passes more water at lower Drinking water Effluent brine 
operating pressure than RO systems and thus requires less energy to production (TDS, 
perfonll the separation. Based on the size of the perchlorate ion. about 3.5 perchlorate) can equal 
angstroms, nanofiltration may not prove to be effective for perchlorate 20% of intluent tlow 
removal. Ultrafiltration targets compounds that are larger than those rate and require further 
removed by nanofiltration; thus, ultrafiltration is not expected to treatmcnt or disposal. 
effectively remove perchlorate. High energy requirements due to operating 
pressures. 

Catalytic Gas Membrane 

University of Delaware 

Catalytic hydrogen membranc--Research I I I I --~.- ... -.- --
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PERCHLORATE TEAM CONTACTS 

Sara Arav-Pipcr, Co-Team Leader 
NV Division of Environmental Protection 
702-486-2868 
spiper~L;ndep.nv .gov 

Laurie Racca, Co-Team Leader 
CA Dept. of Toxic Substances Control 
916-255-3668 
Iracca@dtsc.ca.gov 

Stacey Kingsbury, ITRC Program Advisor 
Sky Research 
540-961-9132 
Stacey. k ingsbury@'lskyresearch.com 

Richard Albright 
DC Department of Health 
202-535-2283 
richard.albright@dc.gov 

Brian Ambrose 
DuPont Corp. Remediation Group 
302-992-5869 
brian .ambrose(£l!usa .duponLcom 

Caroline (Cal) Baier-Anderson 
University of Maryland 
410-706-1767 
ebaieOO I @umaryland.edu 

Keith Bailey 
Kerr-McGee Shared Services 
405-270-3651 
kbailey@kmg.com 

Jean Balent 
Technology Innovation Program 
EPA 
703-603-9924 
balentjean@epa.gov 

G-I 

Joshua Barber 
EPA 
703-603-0265 
barber.joshua@epa.gov 

Bob Bamwell 
ADEM 
334-271-7746 
bbamwell@adem.state.al.us 

Erica Becvar 
HQ AFCEE / TOE 
210-536-4314 
erica.becvar@brooks.af.mil 

Bradley Call 
US Army Corps of Engineers 
916-557-6649 
bradley.a.call@usace.army.mil 

Sandip Chattopadhyay 
Battelle 
614-424:..3661 
chattopadhyays@battelle.org 

Jay Clausen 
ERDC/CRREL 
603-646-4597 
jay.l.c1ausen@erdc.usace.army.mil 

David O. Cook 
Kleinfelder, Inc. 
916-366-1701 
dcook@kleinfelder.com 

Charles G. Coyle 
US Army Corps of Engineers 
402-697-2578 
charles.g.coyle@usace.army.mil 

Michael Crain 
US Army Corps of Engineers 
402-697-2657 
miehael.e.crain@usace.army.mil 
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Geoffrey D. Cullison 
Operational Environmental Readiness & 
Planning Branch 
Chief of Naval Operations 
703-602-5329 
geoffrey.cullison@navy.mil 

Annette Cusher 
Arkansas Dept. of Environmental Quality 
501-682-0841 
cusher@adcq.state.ar.us 

Shana R. Dalton 
US Anny Corps of Engineers, EROC 
402-444-4317 
shana.r.dalton@nwo02.usace.army.mil 

Susan Flanagan 
Institute of Makers of Explosives (1M E) 
202-429-9280 
sjflanagan@ime.org 

Kimberly Gates 
US Navy NFESC 
805-982-1656 
kimberly .gatcs((i;navy .mi I 

Bill Guarini 
Shaw Environmental 
609-895-5384 
william.guarini@shawgrp.col11 

Paul Hadley 
CA Dept. of Toxic Substances Control 
916-324-3823 
phadley@dtsc.ea.gov 

Mark Hampton 
US Arn1Y Environmental Center 
410-436-6852 
mark.hal11pton2@us.anny.mil 

Bryan Harre 
NFESC 
805-982-1795 
bryan.harre@navy.mil 

G-2 

Lornette D. Harvey 
GA Environmental Protection Division 
404-656-2833 
lornette _ harvey@dnr.statc.ga.us 

T.R. Hathaway 
Human & Ecological Risk Division 
California EPA 
916-255-6636 
lazytr I @aoJ.com 

Paul Hatzinger 
Shaw Environmental 
609-895-5356 
paul.hatzinger@shawgrp.com 

Keith Hoddinott 
USACHPPM 
410-436-5209 
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BMP 
BOD 
CE 
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DOE 
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LHAAP 
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MMR 
MOA 
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MS 
MSDS 
NASA 
ND 
NDMA 
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NOEL 
NRC 
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Cold Regions Research Engineering Laboratory 
continuous-flow stirred tank reactors 
(U.S.) Department of Defense 
(U.S.) Department of Energy 
data quality objective 
drinking water equivalent level 
Edgewood Chemical Biological Center 
electrospray ionization 
Environmental Security Technology Certification Program 
fluidized-bed reactor 
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high-melting-point explosive 
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no observed adverse effect level 
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NATURALLY OCCURRING PERCHLORATE 

Table B-l. Perchlorate in natural minerals and materials 
Measured Final 

Spike Sample 
Extrac-

concentration cone. in MDL tion Cone. 
Samples 

Dilution extract (ppb) 
recov. weight 

volume (glKg) 
(ppb) 

factor (ppb) 
(%) (kg) 

(L) 
Muriate potash ND I ND I 0.001 0.03 ND 
Mission Chern ND I ND I 0.001 0.03 ND 
Miracle Grow ND I ND I 0.001 0.03 ND 
Bonemeal, Brand I ND I ND I 0.001 0.03 ND 
Bloodmeal, Brand I 5.4 I 5.4 I 0.001 0.03 0.161 
Bloodmeal, Brand I, DUP 4.8 I 4.8 I 111% 0.001 0.03 NA 
Fishmeal 9.2 I 9.2 I 0.001 0.03 0.276 
Fishmeal, DUP 11.0 I II I 84% 0.001 0.03 NA 
Miracid ND I ND I 0.001 0.03 ND 
loebesi fertilizer spikes ND I ND I 0.001 0.03 ND 
Peters Pro plant food ND I ND I 0.001 0.03 ND 
Potash fertilizer, Brand I ND I ND I 0.001 0.03 ND 
Potash fertilizer, Brand I, ND I ND I 0.001 0.03 ND 
DUP 
Great Salt Lake ppt ND I ND I 0.001 0.03 ND 
Salt substitute, Brand I ND I ND I 0.001 0.03 ND 
Salt substitute, Brand I, DUP ND I ND I 0.001 0.03 ND 
Salt substitute, Brand 2 ND I ND I 0.001 0.03 ND 
Salt substitute, Brand 3 ND I ND I 0.001 0.03 ND 
Lite salt, Brand 1 ND I ND I 0.001 0.03 ND 
Lite salt, Brand I 48.8 I 48.8 I 98% 0.001 0.03 NA 
Triple superphosphate ND I ND 1 0.001 0.03 ND 
Soft rock phosphate ore ND I ND I 0.001 0.03 ND 
10-10-10 fertilizer ND I ND I 0.001 0.03 ND 
Urea ND I ND I 0.001 0.03 ND 
10-4-10 fertilizer ND I ND I 0.001 0.03 ND 
Phosphate ore I ND I ND I 0.001 0.03 ND 
Phosphate ore 2 ND 1 ND I 0.001 0.03 ND 
Phosphate ore 3 ND I ND I 0.001 0.03 ND 
Phosphate ore 4 ND I ND 1 0.001 0.03 ND 
Limestone ND I ND I 0.001 0.03 ND 
Potash ore I (Sylvite I a) 25,000 - 0.00114 0.03 0.025 
Potash ore 2 (Sylvite I b) 3,741,000 - 0.00105 0.03 3.741 
Potash ore 3 (Sylvite 2) 42,000 - 0.0114 0.03 0.042 
Playa crust 1 (B43) 1,745,000 - 0.00101 0.03 1.745 
Playa crust 2 (B29) 560,000 - 0.00101 0.03 0.560 
Playa crust 2 (B29), DUP 489,000 - 0.00101 0.03 0.489 
Hanksite I 280,000 - 0.00116 0.03 0.280 
Hanksite 1, DUP 285,000 - 0.00116 0.03 0.285 
Kelp 885,000 - 0.00116 0.03 0.885 
Source: PreliminaJ)' A nalyses for Perchlorate in Selected Nalural Materials and Their Derivative Products. USGS 
Open File Report 03-314 (Orris et a!. 2003). 
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Table B-2. Perchlorate in natural minerals and materials 

Sample type 
Number of Number of 
locations samples 

Playas 28 57 
Soils 7 15 

Soil-caliche 4 10 
Soil-nitrate 

Older lake beds 3 3 
Nitrate deposits 3 5 
Evaporites 19 26 

NonhaliteC 9 16 
Halite 10 10 

Related H2O 2 3 
a High detection limit for some samples. 
b All values <2 ppb. 

Percent 
with CL04 

86a (96) 

100 

100b 
100 
27a 

44a 

0 
100 

C Samples other than "pure" halite, commonly mixed salts. 
dEarly samples not tested for N03. 

Pending 
Number 
with N03 

>11 >11++ 
>12 

>3 All 
>9 All 
>1 2 
>6 All 
>5 Unknown 
>3 Unknownd 

>2 NA 
1 Unknown 

Source: "Perchlorate in Natural Minerals and Materials," USGS QuarterZy Report, 
April 2004 (Orris 2004). 
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Perchlorate: Sources, Uses, and 
Occurrences in the Environment 

Perchlorate contamination of groundwater and sod continues to be a hot topic in many sectors, 

including industry, the federal Departments of Defense and Energy, regulators, and the general 

public This article presents information on what is currently known regarding perchlorate uses, 

known and suspected naturally occurring versus anthropogenic perchlorate sources, and past and 

present manufacturing locations. It provides the reader with a baseline as well as background in

formation to facilitate an understanding of perchlorate in the environment for the ultimate pur

pose of remediation. The article is based on research conducted by the Interstate Technology 

Regulatory Council for a forthcoming, more substantial perchlorate oveNiew document sched

uled for publication later in 2005. The document will include an oveNiew of the chemical and dis

cussions of remediation techniques and methods of analysis. © 2005 Wiley Periodicals, Inc 

INTRODUCTION 

Perchlorate (CI0
4
-) has become an ever more visible concern since the detection limit 

was reduced from 400 J.lg/L to approximately I fJg/L in the late 1990s due to improved 

analytical methodology. Concurrently, the knowledge base regarding the uses, distribu

tion in the environment, and origins of perchlorate contamination has expanded as the 

ability to detect perchlorate's presence has increased. The goal of this article is to pre

sent background information on perchlorate that until relatively recently existed only in 

somewhat obscure research papers, little known and less widely circulated references, 

and new information gathered as a result of the increased focus 0': this chemicaL The in

formation contained herein will prove useful to those investigating perchlorate in the 

environment with the goal of remediating contamination, as well as those entities tasked 

with environmental regulation. 

SOURCES, USES, AND OCCURRENCES OF PERCHLORATE 

Perchlorate occurs both naturally and as a manufactured compound. KnOWing the 

sources of perchlorate and the variety of uses it has served will help to guide perchlo

rate investigations as well as remediation, vVhile a variety of sites where perehlurate 

contamination is known to occur have already been identified, it can be assumed that 

further sites ",.ill he discovered as more geographical areas are tested and addi tional in

formation becomes available. 



- --
Number of Number of Percent with Number with 
Locations Samples Perchlorate Assoc. Nitrate 

28 57 86" (96) > 11 ++ 

7 15 
4 10 100 ALL 

All 
3 3 100b 2 

3 5 100 All 
19 26 27" Unknown 

9 16 44a Unknownd 

10 10 0 NA 
2 3 100 Unknown 

71:!~mnl,,< other than "pure" halite, commonly mixed salts . 

Exhibit 1. Perchlorate in natural minerals and materials 

:~ ;:;'j: materials contain perchlorate; and confirm the rate, concentration, and pervasiveness 

:l~'~' of perchlorate in precipitation and groundwater. Although USGS studies are ongoing, 
·c , preliminary analytical results show that perchlorate appears to he naturally present in 

arid environments (Exhibit 1) and appears to concentrate in a manner similar to nitrate 

i, (Walvoord et aI., 2003). In addition tq these USGS studies, the National Weather 

. Service, in cooperation with the USGS, is conducting analytical testing for perchlorate 

in precipitation samples collected from weather station evaporation pans .' Sampling of 

the atmosphere at altitude for perchlorate and precursor chemicals may be an adru

tional area for investigation (Orris, 2004). 

Chilean Nitrate 

Until r ecently, naturally occurring perchlorate was known to exist in the environment at 

only one location-the Atacama Desert in Chile, although similar but less extensive de

posits have also recently been found in Peru and Bolivia. The perchlorate in Chile exists 

in min era logical association with nitrate of soda cali.che deposits that may have been de

rived in part from past local volcanic activity (Ericksen, 1983; Schumacher 1960). 

S=hilean nitrate deposi ts have been mined to produce fertilizer and saltpeter for gunpow

der for export since the 1830s (Ericksen, 1981) . Chilean nitrate ore has been imported 

into the United States since at least the late 18005 for use as fcrtilizer, a~ a source of io

dine, for saltpeter lIser! in gunpowd er, and as a fe~r1stock to make nitric acid, explosives, 

fin:'\\orks, ;1I1d additional end products. Fertilizer usage currently accounts for the great

{'"st amount of Chile-an nitrate imported into the United States . 

11.4173 

RE.I1EDIATlOrv Winter 2005 



11.4174 

REMEDIATION Winter 20(}5 

Company 

Oldbury Electro-Chemical 
(later became Hooker 
Electrochemical) 

Western Electrochemical 
Company 

Western Electrochemical 
Company 

Hooker Chemical and 
Foote Mineral Goint 
venture H.E.F., Inc.) 

Pennsalt Chemicals Corp. 

Pacific Engineering and 
Production Company of 
Nevada 

American Pacific 
Corporation 

Cardox Corporation 
------

Vick Chemical Company 

Years of 
operation or 

location production Comments 

Niagara Falls, NY 1910-1940 Hooker Electrochemical was acquired by Occidental Chemical 
Company in 1968 

Los Angeles, CA 1943-1945 Manufactured potassium perchlorate 

Henderson, NV 1945-2002 Merged with American Potash and Chemical Company in 1955; 
acquired by Kerr-McGee in 1967; ammonium perchlorate 
manufacture 

Columbus, MS 1958-1965 Currently Eka Nobel 

Portland,. OR 

Henderson, NV 

Cedar City, UT 

Claremore, OK 

Greensboro, NC 

1958-1965 Currently Elf Atochem North America 

1958-1988 Ammonium perchlorate plant destroyed by explosion in 1988; 
never reopened 

1989-present Sole remaining North American producer of ammonium 
perchlorate for solid propellant 

Unknown Closed. Historical operation only. 

Unknown Historical operation only. 
---------------_ .... __ ._--_.,-----_ .. _--- ---------_._,---------_._--_.- ~.------.. -.------~--.. ----. ---.- ---~.-- - -'-'-"-*'---

*The information in this table is derived from many sources and is not comprehensive. Western Electrochemical Company, Pacific Engineering and Production 

Company of Nevada, and American Pacific Corporation are linked through successive corporate acquisitions. Other plants are believed to have operated and 

continue to operate, especially for the production of perchloric acid and specialty reagent compounds. 

Exhibit 2. u.s. perchlorate manufacturers* 

A number of processes have been patented for the production of perchlorates. In 

general, sodium perchlorate is manufactured electrolytically using sodium chlorate as 

the feedstock. Potassium perchlorate and ammonium perchlorate are produced in a sec

ond step by reacting sodium chlorate as a water solution with other chemicals to create 

concentrated solutions of either potassium perchlorate or ammonium perchlorate, de

pending on the added chemical( s). Perchlorate crystals are then precipitated from the 

solution and are dried to produce a homogeneous dry granular product that is shipped 

in sacks and drums for sale to manufacturers of various perchlorate-containing end 

products. 

The U.S. Environmental Protection Agency has compiled information on known or 

suspected users or manufacturers who have shipped more than 500 pounds of perchlo

rate in any single year (US EPA, 2003). American Pacific Corporation manufactures am

monium perchlorate in Cedar City. Utah. and is currently the sole domestic manufac

tUrer. of commercial quantities of propellant-grade ammonium perchlorate. 
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production. However, the earliest use of perchlorate as a solid propellant was in the form of 

potassium perchlorate by the Guggenheim Aeronautical Laboratory at the California 

Institute of Technology, which developed a formulation that combined asphalt as a binder 

and fuel with the oxidizer potassium perchlorate for use in jet-assisted take-off units 

(HW1ley, 1999). In the middle-to-Iate 1940s and early 1 950s, perchlorate-based rocket mo

tors that used potassium perchlorate were developed for smaller tactical missiles. 

In the early-to-middle 1950s, ammonium perchlorate began replacing potassium per

chlorate as the preferred oxidizer for solid propellants in large rocket motors. By 1958, 
the NIKE Hercules missile, which replaced the NIKE Ajax missile, used a solid propellant 

motor of polysulfide-ammonium perchlorate. In the 1960s, solid propellant mixtures of 

ammonium perchlorate and powdered aluminum replaced liquid propellant systems in 

intercontinental ballistic missile systems. Other examples or solid rocket motors that use 

. ammonium perchlorate include the space shuttle and commercial satellite vehicles. Each 

of NASA's space shuttle booster rockets contains solid propellant made up of fine alu

minum powder fuel and ammonium perchlorate oxidizer along with an organic binder. 

Many commercial satellite launch vehicles also utilize solid rocket motors with ammo

nium perchlorate propellant as strap-on boosters to increase payload capacity. 

Small rockets attached to ejector seats for pilots, explOSive bolts for separating mis

sile stages or other components, and oxygen generators for both civilian and defense air

, craft also use perchlorate. Due to degradation issues, many of these devices are replaced 

as the shelf life expires. 

Disposal of Solid Propel/ants 

Historically, perchlorate-containing debris, scraps of solid propellant and explOSives, and 

rejected rocket motors were disposed of by burning in unlined open burn/ open detona

tion (OB/OD) areas. However, solid propellant or explosives not burned to completion 

can permit residual perchlorate to be dissolved and cause contamination in soil and 

ground- and surface waters. The practice is still carried out today, with most propellants 

being treated in this fashion, although usfng burn pans to isolate the ground and residue 

management along with further treatment of the ash, if testing reveals the n~ed. The ash 

is then drummed for disposal. 

An alternative method for solid fuel rockets and missiles also is hydromining or a 

hog-out process to wash out solid propellant with high-pressure water jets in order to 

reuse the rocket motor hardware. UnfortW1ately, in the original system configuration, the 

liqUid waste £l'om the hog-out process was discharged untreated to the groW1d surface or 

into leaky lagoons and contaminated ground- and surface water. This historical practice of 

untreated discharge is no longer employed due to the cliscovery of associated groundwa

ter plumes. Current practice is to capture and treat the waste stream prior to discharge. 

Replacement of Ammonium Perchlorate in Solid Rocket Propel/ants 

DOD has development programs under way to replace ammonium perchlorate in solid 

rocket propellants. While alternative energetic oxidizers exist, significant cost, availabil

ity, environmental, and performance issues remain that have so far prevented their use in 

fielded weapon systems and launch vehicles. Each rocket or missile system has unique 

performance demands that reqUire consideration when 'attempting to replace ammo-
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Another DOD program titl ed "Insensitive Munitions" (1M) invol ves the sel ection of 

materials designed to prevent unplanned explosive reactions, or, in other words, to 

make munitions safer to handle . Several insensitive mtmitions high-explosives alterna

tives being considered for mortar, artillery, and small arms applications are perchlorate

based. The safety benefits may outweigh the contamination potential and, if carefully 

managed, may mitigate the contamination concern. 

Munitions Manufacturing 

Historically, at munitions manufacturing facilities, operators washed down equip

ment used in solid propellant and munitions production with water. These opera

tions present another opportunity for potential releases of perchlorate into the 

environmen t . 
J .. 0-;::> 

CJ -' - ,--',.t 
' / , /',.. 

Munitions Disposal ~ ", --- -< r 
' )' .. ! ' ~~-.... / . ... , . , '''r. '' " 

In the past, munitions were diSp'asei~f\n burial pits or destroyed either by burning or 

exploding in OB/ OD areas . These methods have the potential to result in releases of 

perchlorate to the environment; the amounts of perchlorate released can vary greatly, 

depending on the length of use and the types and amounts of munitions disposed. 

HistOrically; burial of unused munitions on ranges has occurred. Over time, corrosion 

degrades mtmitions , resulting in the release of incorporated perchlorate into the envi 

ronment. Therefore, burial sites have contributed to perchlorate contamination on cur

rent and formerly used ranges . 

OB / OD is one approved method for disposal of munitions. However, OB/OD 

areas cannot ensure the complete consumption of perchlorate in munitions. Nearly all of 

the OBioD units and explosive ordnance disposal (EOD) ranges sampled for perchlo

rate have had detections of perchlorate in groundwater or su~face water. Incinerators 

have been developed that are used to destroy small ordnance items with complete, or 

very nearly complete, consumption of the perchlorate in munitions. 

Perchlorate Replacement Programs 

Efforts are under way to replace perchlorate in at least some munitions. For exam

ple, the Army has a preliminary perchlorate replacement program focused on two 

specific munitions that constitute a large percentage of perchlorate usage . The 

Edgewood Chemical Biological Center (ECBC) has proposed replacing the photoflash 

pov.:e r (th e explosive charge inside the pyrotechniC device that contains perchlorates 

and provides the "bang") with an organic compound to eliminate the use of perchlo

rate in the two simulators-the M 115A2 Artillery Simulator and the M 116A I Hand 

Grenade Simulator. Alternatively, Picatinny Arsenal has proposed replacing the 

photoflash powder with a metallic base material. One compo und from EeBC and 

o ne compo und from Picatinny Arsenal will be selected and compared to each other 

to determine the be tter one for replacement of these two simulators; however, th ese 

two compounds have yet to be chose n. These alternatives will undergo selec ti ve test , 

ing Jnd comparison to de termine best replacem ent . O ther se rvices are also explor , 

ing per chlo rate r epl acem ent. 
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likely that more contamination will be discovered over time, In addition to impact areas, 

burial areas, 08/00 areas, launching points for rockets and missiles, and missile test 

stands could also be areas of potential contamination, 

Commercial Explosives 

Black Powder 

Black powder is made of a blended mix of saltpeter (potassium or sodium nitrate), char

coal, '!-lld sulfur in a 75: 15: 10 ratio by weight. Nitrate from Chile was used as a source 

of sodium nitrate in black powder. Chilean nitrate ore, containing naturally occurring 

perchlorate, was imported into the United States beginning in the 1850s. The sodium 

. nitrate content of the ore made it particularly suitable for use in manufacturing explo-

. sives, specifically black powder, replacing more expensive potassium nitrate. Black pow

der consumption for commercial blasting peaked in 1917 at nearly 300 million pounds, 

bu t by 1970 had decreased to 83,000 pounds, used primarily for safety fuses and fire

works (International Society of Explosives Engineers [ISEEJ, 1980). The historical use of 

Chilean nitrate containing perchlorate to make black powder presents an unknown in 

terms of environmental impact. 

Black Powder Substitutes 

There are several black powder substitutes on the market that contain perchlorate. The 

addition of perchlorate is intended to increase velOcity and range. These substitutes are 

mainly ascorbic acid (vitamin C). The use of substitute black powders is becoming in

creasingly popular, especially with hunters. It is believed that the substitute black pow

der operations in general are small in terms of overall production, but past practices 

may have resulted in local perchlorate releases and contamination. 

Nitric Acid 

An explosives manufacturing site in Arizona uses Chilean nitrate to manufacture nitric 

acid as an intermediate for explosives manufacture, including the production of dyna

mite and other explosive compounds. This process resulted in an otherwise unexpected 

perchlorate groundwater plume. Although most nitric acid today is made using other 

chemical processes, Chilean nitrate has been used in the past for its production. 

Consequently, historical nitric acid manufacturing locations and those facilities that used 

Chilean nitrate-derived nitric acid may be areas subject to perchlorate contamination. 

Modern Commercial Explosives 

A number of modern commercial explosives products may contain sodium perchlorate, 

ammonium perchlorate, or potassium perchlorate as a chemical sensitizing agent. Thesc 

products may include emulsions, water gels, delay elements in detonators, and some 

seismic explosives. 

Under some circumstances, an explosives manufacturer may usc a chemical semi

tizu<;uch as perchlorate to increase the shock·initiation sensitivity of an cmulsion or 
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At other explosives manufacturing facilities, wastes containing perchlorates may 

have been disposed of at OBIOD units with the potential for perchlorate residue gener

ation and subsequent groundwater contamination. Past practices at manufacturing facili

ties may represent the largest environmental release potential in the commercial explo-

sives industry. Certainly, older explosives-manufacturing facilities that utilized Chilean 

nitrate as feedstock should be carefully examined due to the presence of perchlorate in 

Ills tori cally higher concentrations as well as past management practices. 

Soil, surface water, and an associated groundwater plume have also been found at 

the site of a black powder substitute manufacturer in Kansas. At an adjacent property, 

sampli.ng conducted by the Kansas Department of Health and Environment (KDHE) has 

detected perchlorate in agricultural products associated with use of tills contaminated 

water in chicken meat, eggs, milk, beets, and cucumber pickles. 

Storage areas used for perchlorate~containing raw materials may have been impacted 

by perchlorate releases in the past (e. g., Illstorical releases of dust from sacks of perchlo

rate salts may be a concern at some locations). Landfills may be impacted through the 

disposal of bags and containers for perchlorate and perchlorate-containing substances. In 
o general, current contemporary raw material storage areas are designed and constructed 

to prevent or minimize any releases of product. There is little risk of release from com-

plete and packaged explosives in magazines unless carelessness results in packaging 
puncture with subsequent leakage. However, the potential for release of stored perchlo

rate salts is dependent upon the construction of the specific storage area (e.g., how well 

it is isolated from the environment), as well as the management techniques employed 
with the use· of perchlorate. 

The use of explosives at blasting sites could cause contamination if there is an in

complete detonation. For example, some rock formations may contain cracks and fis

sures angling off the main borehole into wlllch an explosive can migrate during the load

ing process (not all explosives are packaged). The explosive contained in such a fissure 

could then fail to detonate in the blast. In addition, the potential for residual contamina

tion is increased in the event of a misfire, in wlllch a loaded hole or group of holes in a 

blasting pattern fails to detonate. Unde\onate~_exP\~~r~j';r~~ducts remaining after a mis
fire or incomplete detonation will have more te$i<l:n~e. time to contact and contaminate 

groundwater. Tills scenario is of particular concern where the explOSives contain highly 

soluble perchlorates. Blasting misfires do occur with some variable frequency. Significant 

effort is made to avoid misfires, primarily because they represent a serious safety hazard. 

Blast efficiency and cost considerations are secondary concerns. If possible, attempts are 

usually made to detonate the misfired hole or holes. In some cases, perchlorate contami

nation associated with blasting may be attributable to p.re-blast loss of explosives due to 

poor housekeeping practices and/or improper spill cleanup. 

Groundwater contaminatiol1 assQciatedwit:h e2C.£!.<:>5.! ".es _u~e ~~_~ll~p~cte~_~t_~_~Qll
struction site in We~tfo!'9.LMassachusetts. In a watersample from a pond near the site, 

Massachusetts Department of Environmental Prot~·ction (MADEP; lOOSe) offidilsde

tected a perchlorate concentration of 81 <fppb and detected a perchlorate concentration 

of II ppb in an on-site retention pond. A town wat~r supply well with a detection of 

3.3 ppb was shut clown, while a private well several hundred feet from the site was sam

pled !provlding a perchlorate co~cen tration ·of 425 ppb. MAD EP officials believe the 

perchlorate contamination is. related to explosives used in rock blasting. An examination 

of the MSDSs hy MADEP officials for the emulsion and water gel-type explosives used 
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military pyrotechnics such as smoke pots, smoke grenades, and various perchlorate-con 

taining simulators. Further, perchlorate contamination potentially related to the use of 

Hreworks has been found following water supply well sampling and testing in several 

other locations around the state . 

i.' MADEP is conducting a fireworks residue field test at the University of 

" Massachusetts Dartmouth Campus (MADEP, 2005a). Predisplay analytical results show 

:;; : perchlorate concentrations from nondetect to 36 ppb. The site has hosted displays for 

,,..;):>:' about 10 years. The amount of perchlorate available for groundwater contamination 

",ii;i, from fireworks depends upon how many displays, the types of fireworks involved, the 
' ~'{~(:: amoun't of misfiring, and the length of time over which displays were conducted in a 

'!:specifled area. Misfires, which may not be managed from an environmental perspec

~v:e, may contribute Significant perchlorate to the environmental loading as well, and 

~.)lieir frequency, although relatively low, does vary. Disposal of these misfires may also 

,~~. of concern if they are drowned in water or treated as solid waste. The question of 

( Whether the perchlorate contained in fireworks used for holiday displays, for example, 
"~~ a significant environmental impact is in need of further research and is likely to be 

!'(Pfte-specific. Environmental testing such as that being conducted by Massachusetts 
;',~ould be done in other locations where commercial fireworks are commonly used in 

'"' ~ublic displays. 

fety or Hazard Flares 

{~")erchlorate is one of the primary components found in emergency and signal flares. 

~1~;Flareuse is believed to be Widespread across the United States. In Santa Clara County, 
,~ ... ·, .California, for example, more than 40 metric tons of flares were used/burned in 2002 

"" , ,one (Silva, 2003). Flares containing perchlorate h~ve also been used in aircraft seeding 

,,;: ., operations in some locations . , 
::;i!~t-=, In safety or hazard flares, strontium nitrate is combined in a mixture with an oxi-

.. :~~t~~;~,~izer and a chlorine source (potassium perchlorate), along with various fuels. The avail
';~~\t~ble chlorine from the perchlorate amI the strontium combine to color the emitted light 

"'~~f<t6right red (Conkling, 1990). Tests indicate that the residue from fully burned flares may 
'I·~' ). jo: .. . , 

''::~k~~:J] still contain a significant amount of perchlorate and that partially burned flares leach 

~E);:":; fVen greater concentrations of perchlorate when placed in contact with water (Silva, 
~o;f:';' - 2003). Silva points out that fully burned flares can still leach up to almost 2,000 J.lg of 

perchlorate' per Hare . 

The manufacturing sites of flares are known to have precipitated perchlorate re

leases into groundwater in, for example, California, and rel eases are also possible in 

other locations where similar facilities are or were situated. 

Matches 

A safety match uses a bl end of potassium chlorate and sulfur with a fuel anel binder 

(Conkling, 1990). Potassium perchlorate is also used in the production of common stick 

matches. If an environmental concern associated with matches exists, it is likely to be at 

the production facilities, however. As of 1997, only fuur American companies produced 

matches: Li on Corp., Superior !vlatch Co_, Atlantis Match Co_, and D. D. BeJn & Sons 

Co. (Ret.skin, 1997) 
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(Milford, 1999). Other evaporate-derived mine rals such as borate are components 

of certain fertilizers used for plants that need them as trace elements (e .g. , alfalfa 

and clover; Lefond, 1975 ) . 

Bulldog Soda, marketed by SOdedad Quimica y MineradeChile S.A_ (SQM) and de 

rived from Chilean nitra.te depgsits (c~mtaining 0 .03 perc~nt p: r.chl().rate .<LS mine~ on av

erage). is used as approximately O. I 4 percent of the total fertilizer currently applied in 

the, United States. On a ~~tQ!'i~;!I .. ~~i~-P!~2!_ t~_the 1 960s, Chilean nitrate-<:lerived fertil 

izer was~e p~i.ncipaL fer.tili.zer usedin the UnitedS!.ales: ffie- USEPAJerwizer"study 
~~-~pl~ted in 2001 found that fer't'i1;z~~ d~~i~~Xfr~~ Chilean nitrate contained accessory 

perchlorate in significant concentrations . Subsequently, SQM, the sole mining and pro

cessing company of caliche-type deposits, has changed the process for refining the ore, 

going from 0.5-2 mg/ g to 0 .1 mg/ g, or 0.01 percent perchlorate. This fertilizer is still 

applied to a small percentage of cropland in the United States. SQM promotes the use of 
its products in agriculture for the cotton, tobacco, and citrus sectors. The historical a~ 

. ;f;~~ cati~~()!~her-:.oncentration perc~~=-~2..~~i!lj!lg,,!~r.til!zer~resent a legacy,. of 
''''S~:--U-nknown £g_ry.t~ination p·otenti:aTto'~.':.l!l.~':Y'~.!.~r, as may the lower-c~ncentratio; prod-
. ··:. ... ·i , ~ .. "-----.-,--.-~- --'-'--'- - '-P~' - ' --'-'---'-'--'-'- '~ - "-. "" - ' -- -" '_____ . _ 
:'?J,' uct applied currently (Urbansky et al., 2~_QJ1 __ . .. ----- .-.- ------

':~";': .. _._,, _ _ ~ ___ . __ __ _ .. _ ____ _ .... __ _____ ._ .. _ _ ~ ___ ._._._c. _ _ . _____ ~_-' 

Medical/Pharmaceutical 

Historically, potassium perchlorate has been used in medical practice for the treatment 
of thyrOid disorders to suppress the overproduction of hormones due to an overactive 
thyrOid gland . Potassium perchlorate is employed in current medical procedures in three 
different ways. First, it is used in the treatment of induced hypothyroidism or thyrotoxi-

. cosis resulting from the primary treatment of tachyarrhythmia or ischemic heart disease 

by the iodine-containing drug amiodarone. Second, potassium perchlorate is also used to 
limit the uptake of sodium pertechnetate in the thyroid when the pertechnetate is ad

ministered in the course of brain and blood pool imaging and placenta localization. 

Third, potassium perchlorate has been used as a diagnostic agent in the treatment of cer

tain thyroid disorders. The potassium fOrm of perchlorate appears to be used exclusively 

for medicinal purposes over other salts of perchlorate, probably due to lessened physio

logical impacts of the potassium over other possible cations. 

. .. _~T~_~J~~!.~o~~()! medical. p~r~~IoE,,:te source release to the environment appears t.o 
be slight giventhata~;;'~~'ts ~tored f()r ~~dicAipurposes are small, storage occurs in 

containers ~,:,.d structures , and hospitals have waste disposal programs. 

Water and Wastewater Treatment 

Sodium hypochlorite (NaOel) is one commonly used method to disinfect water sup ' 

pli es. It is also used to treat pool water, to disi~fcct groundwater production wells, to 

treat wastewater in publicly owned treatment works , and in other instances where an e f

fective disinfectant is required . Sodium hypochlorite in solution no~.mally produces 

some perchlorate ions during the dissociation reacti ons. This effect is evidenced by -the 

formatioil of highly unstable and shock-sensitive perchlorate crys tals that can form 

around the rim and cap of long-stored sodium chlorite solutions in laboratories . Thus, 

the use o f sodium hypochlorite has the potential in these applications to introduce de

tectable perchlorate into th e environment. 
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Facility location Capacity (X 103 short tons/yr) 

CXY Chemicals, USA Hahnville, LA 134 

Eka Chemicals (Eka-Columbus) Columbus, MS 219 

Eka Chemicals (Eka-Washington) Moses lake, WA 63 

Elf Atochem North America Inc. Portland, OR 58 

Georgia Gulf Corp. Plaquemine, LA 27 

Huron Tech-442 Corp. (Huron Tech 442) Perdue Hill, Al 40 

Huron Tech (Huron Tech-Augusta) Augusta, GA 145 

Kerr-McGee Chemical lLC Hamilton, MS 143 

Sterling Pulp Chemicals Valdosta, GA 110 

Western Electrochemical Cedar City, UT 7 

946 total 

Source: us EPA (2000) 

Exhibit 5. Sodium chlorate production capacity and locations in 1999 in the United States 

Facility 
Elf Atochem 
Georgia-Pacific 
Huron Tech Corp. 
Huron Tech 442 Corp. 

Source: US EPA (2000) 

location 
Tacoma, WA 
Brunswick, GA 
Eastover, SC 
Perdue Hill, Al 

, 

Capacity (x 103 

short tons/yr) 
25 
27 
90 
40 

Comments 
Closed 9/97 
Closed 4/97 
Came online 3/99 
Scheduled closure mid-2000 

Exhibit 6. Former sodium chlorate production facilities in the United States and changes as 

of 1999 

ft is possible that some current and former sodium chlorate production facilities 

could also be potential perchlorate sources, as could locations where sodium chlorate is 

being used for intended purposes. 

Uncertain Sources 

The problem when investigating an emerging envil"Onmental contaminant is that new in

formation continues to come to light regarding past management practices, current 

uses, locations of usc, or newly suspected but uncertain sources. In the case of the latter, 

there is a small but apparently growing list of suspected perchlorate sources. 

Confirmation and verification testing has not necessarily been done in all cases, and re

search in these areas is ongoing. A short list of these sources would include cloud -seed

ing operations, clandestine nwtbmphetamine laboratory wastes, and certain anticorro

sion ·cathodic protections systems. 
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tically, with minimal influence by groundwater movement and little or no dilution. Brine 

pools may form on top of confining layers, and significant perchlorate mass may move into 

low-permeability conftning layers by diffusion. The brine pools and perchlorate mass ab
sorbed by the conftning layers may serve as a long-term source of dissolved contaminant as 

perchlorate is released to the groundwater by diffusion. This type of release may occur 

where perchlorates have been manufactured, at rocket motor washout facilities, or other 10-
catioID where perchlorate has been slurried or handled in concentrated brines. 

Site Characterization and Remediation 

Knowing the quantity of perchlorate released at anyone time, the number of occur

rences, and the time period over which the releases occurred may prOVide some guidance 

as to whether to test the soil. Heavy releases of perchlorate, continuous or intermittent 

over time, should lead to soil testing as well as testing of groundwater / surface water at 

any point sources, at least to start, especially in dry or desert environments. Sl!~l)ojL 

!l~E!(!~llJ.J1.ot...showao.¥-p~rl::h~~r.:~te, but deeper samples may; thus, b0ttt.~ur:f;:l<::!!'90d 
at-:d!:pllu;ampJ~~.s~()':lld~.:~~~I1.iX.1iQH~ieitmg:-JS:lndica£ett ttnffesItl.i.i'ti(;it with a dry or 
desert environment and a deep groundwater table, there can be a precipitation front of 

perchlorate below the surface but above the groundwater as a caliche layer. If the area has 

significant precipitation, diffuse source(s), or dispersed source(s), then groundwater 

and/ or adjacent surface water should be tested, as the soil is likely flushed. 

Perched aquifers, windows in confining layers, seasonal water-level changes, and 

potential density currents point to the importance of understanding the groundwater 

flow regime. Existing groundwater monitoring wells can be taken advantage of, and 

temporary push-point wells permit investigators to scope the nature and extent of a 

source rapidly. Since perchlorate acts like nitrate when dissolved in water, perchlorate 

contamination tends to move with groundwater flow unless stagnant conditions exist. 

Depending on speCific uses, perchlorate may be associated with other contaminants. It is 
typically associated with nitrates and explosives, solvents, or metals, and more associa

tions may become apparent over time. < 

CONCLUSION 

Although no federal maximum contaminant level (MCL) for perchlorate in drinking 

water appears close to being promulgated by the US EPA, two states, California and 

Massachusetts, are forging ahead on standards development, with issuance projected for 

prior to the end of 2005. It is expected that other states will follow. With this in mind, 

the remediation of perchlorate contamination will depend on understanding where and 

how perchlorate is and was manufactured and used in industry, the Department of 

Defense, and society in general, that there is the possibility of encountering naturally oc

curring perchlorate in some.~r.i~ elwironments, and that perchlorate could turn up un-
'- .-- -~. .. .. . . --'~----'--'-~ -

expectedly in the course of other remediation projects. Developing a perchlorate knowl-

edge base will enable those responsible for cleanups to know whether perchlorate 

should be added to their site-specific lists of analytcs. The article presen ted here pro

vicks an initial grounding for understanding perehlurate to guide decision making. Those 

wanting further information are directed to the full ITRC overview document sched

uled for publicati()n in the winter of 2005. 
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" 'X-"u.,"7""rlmls Materials and Waste Management Division for the Colorado Department of Public Health and 

nment (CDPHE) since 1997. Current projects include the remediation of volatile organic chemicals, ni

'P±.',.U-<l'<'" and heavy metals in groundwater and soils. He has also worked on unexploded ordnance, explosives con

·.--..~"~-;nation, and perchlorate. Prior to working at the CDPHE, his experience includes environmental engineering, 

... .,.""n .. rn .. r t, and consulting in both the industrial and regulatory sectors. He also serves as the Sources and 

Sub-Team lead for the Perchlorate Team of the Interstate Technology and Regulatory Council (lTRC). 

ichael Crain, P.G., is a geologist with the Geoenvironmental and Process Engineer'ihg Branch of the U.S. 

Corps of Engineers Hazardous, Toxic, and Radioactive Waste Center of Expertise (HTRW-CX) in Omaha, 

';:''lOIIO;;.rlo::uraska, where he develops technical guidance and provides technical assistance on issues related tohy

ogy, site characterization, environmental monitoring, and groundwater remediation. Prior to joining 

HTRW-cx, Mr. Crain worked for 17 years in the Geology Section of the Corps of Engineers Omaha 

I".~_r..hidrict, including 10 years as section chief. He has project experience in Superfund, Formerly Used Defense 

E';'\U5i1~··i)lllO:::' (FUDS), Army and Air Force IRP, and BRAC and is a member of the ex team that is developing techni-
1 ; ~Wo.r·~;·I<,,1 guidance on perchlorate for the FUDS program. 

Geoffrey D. Cullison is currently a civilian environmental engineer for Operational Range 

. Susta inability/Environmental Technology/Emerging, Unregulated Contaminants with the Environmental 

Readiness Division of the Office of Chief of Naval Operations, U.S. Navy in Washington, D.C. A retired Navy 

Civil Engineer Corps officer, while on active duty, he served in environmental positions related to remedia

tion and other environmental protection efforts from 1982 until 1991. In the Environmental Readiness 

Division, his duties have been predominantly focused on cleanup policy. He was assigned as the Navy point 

of contact for perchlorate in 1998 and continues to work perchlorate issues. 

Susan J. P. Flanagan, J.D., joined the Instit.ute of Makers of Explosives (IME) in 1997 as Counsel for the 

Environment, Safety, and Health. In th is position, she manages the IME Safety and Health Committee and 

the Environmental Affairs Committee. She also directs copyright matters as they pertain to the publications 

of the Institute and is the principal liaison witil the US EPA and other federal agencies on matters of inter

est to the commercial explosives industry. 

Lenny Siegel has served as the executive director for the Center for Public Environmental Oversight 

(CPEO) in Mountain View, California, since 1994, as well as the Pacific Studies Center, a nonprofit public in

terest information center, since 1970. 

Stephen Lathrop, P.E., is a geoenvironmental engineer with Jordan, Jones, and Goulding in Atlanta, 

Georgia . Mr. lathrop has eight years' experience as an engineering consultant dealing with environmental 

remediation projects, with an emphasis on agricultural chemicals, nitrate contamination, and in situ biore

med iat io n utilizing the latest technologies to improve overall project performance. 
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